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CHAPTER 1 = OUTLINE OF THE He2.S. SYSTEM 


The Punctions of H.2.5. 


te He2.S- is o Radar device carried in aircreft to produce om a cathode ray 
tube a ploture of the area over which the aircraft is flying. By ccmparing this 
cathode ray tube display with target maps the HeZ-S. operator can identify coast~ 
lines, lakes, large rivers, built-up areas and large man-made structures. The 
centre of the display will always represent the point on the earth's surface 
directly below the aircraft. From his identification of indications on the dis- 
play with points on his target map andi by using the appropriate controls and 
markers, the He2.S. operator can do the following:~ 


a) Pix his position. 
b) Determine range and bearing of built-up areas. 
c) Hane onto targets for blind bombing. 


26 By means of a second cathode ray tube and an associated marker and control 
the height of the alroreft above the earth's surface can be determined. 


3. When the appropriate adjustments have been made the ground speed of the 
aircraft can easily be determined fran the movement of indications across the 


main HeZeS- display. 


le If an additional unit comprising a 1-5 metre transmitter and suitable 
receiving stages is incorporated in the He2-S. installation the equipment can 
be used for homing on long range beacotus ani blind approach runway beacons. 
This additional unit is called Lucero. : 


5. nother indleating unit can be incorporated in the He2.3. installation to 
show the renge and azimuth bearing of aircraft appearing in ea hemisphere below 
the aircraft. The centre of this hemisphere will be at the aircraft and the 
radius of the hemisphere will be equal to the aircreft height. Fran the move~ 
ment of an aircraft indication on this display it oan be ascertained whether 
the alreraft is friendly or hostile. This indicating unit is called Fishpond. 


6. It follows fram our preceding paragraphs that the H.2.S. installation 
including Lucero and Pishpond is simultaneaislyi- 


a) an extremely versatile navigational aid. 

b) A dlind bombing aid. 

c) <A warning device which can reduce the danger of collisions 
with friendly aircraft and give warning of attack fran 
enemy aircraft provided the attack is not made fram above. 


Aside fram Lucero applications the equipment is self-contained in the aircraft 
end is therefore not subject to the range limitations inherent in equipments 
dependent on ground transmissions. 


The Nature of the He2eSe Systen 


7e Before proceeding to study the essentials of the He2.3. system we may 
profitably consider an analogy from the field of optics. We may imagine a 
revolving lighthouse sending ot its narrow, intense beam. If the lighthouse 
stands still this beam will illuminate a sector on the grou or the sea. if 
a ship, a building or an aircraft appears in the beam some of the light will be 
reflected. If en operator is standing behind the light he will be able to see 
these objects because light is reflected from them to his eyes. If the light 
is allowed to rotate through 360° the beam will, in the course of one revolution, 
illuminate a circular area of the earth's surface with the lighthouse at the 
centre of the circle. Any objects causing reflection as the beam crosses them 
will then be chserved once in every revolution for the duration of the interval 
of iklumination. This interval will depend on the width of the beam and the 
rate of rotation. 


8. The He2.S- installation in an aircraft is very similar to the lighthouse. 
A suitable modulator pulses a magnetron transmitting valve at a recurrence 
frequency of 670 c/s. ‘The magnetron develops bursts of Rel. of 1 microsecond 
duration once every 1500 microseconds. For Mark iI He2eSe & magnetron is used 
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that develope a wavelength of about 9 cms. - For Mark III He2.S. a different 
magnetron is used which develops a wavelength of approximately 3 anse The 

4 microsecond bursts of radio frequency energy are radiated fran the flared 
mouth of a waveguide into a peraboloid scanning mirror, or scanner. The 
mirror concentrates the energy into a narrow bean which is radiated out into 
space. This beam "flashing" at 670 o/s. serves to “illuminate” 4 narrow 
sector of the earth's crust with invisible radiation. This invisible radio 
frequency radiation differs fran visible light only in the wavelength employed. 
Like visitle light it travels at a speed of 186,G00 miles per second in spacte 
This is equivalent to a speed of 555 microsecomis per mile- Herne if the 
transmitter radiates a + microsecond burst of energy into space en electro- 
magnetic wave travels outward at a speed of 5.35 microsecomis per mile. 


Je When this burst of energy strikes a horizontal surface most of tne 
energy is refleoted away fran the airorafte Hence, quiet water will give 
negligible reflection back to the aircraft. If the radiatim strikes rolling 
country sane energy is reflected back from slopes, farm buildings, etc. In 
the seme wey, when the sea is rough sane energy is reflected back fram the 
sides of the waves. We thus get returns which we call general sea returns cr 
general gromd returns. If the beam strikes steep cliffs, the vertical sur- 
faces of large buildings, or a large number of vertical surfaces in heavily 
built-up areas, an appreciable amount of energy may be reflected back to the 
eireraft. If an airoraft fliea through the H.2S- beam it will reflect back 
a quantity of energy depending on its size and orientation with respect to the 
He2eSe beam. Hence, we may summarise by saying that the He2eS. beam will 


experience: = 


Very little reflection from quiet water or flat open country. 
ldmited amount of reflection froun rough water or rolling country. 
‘Samewhat heavier reflection fran surburban areaa. 

Appreciable reflection from steep cliffs, large structures and 
heavily tuilt=-up areas. 


40.. Since the speed of the electromagnetic waves is 535 microseconds per 
mile the ‘echo time’ is 10.7 microseconds per mile. Hence the time interval 
that will elapse between the instant the tranamitter fires and the instant the 
echo returns will always be given in microsecoms by multiplying the siant 
range of the reflecting object by 40072 Anecho fram a target at a slant 
range of 40 miles would then return in 40 x 1067 or 428 microseconds. 
Obviously, all echo times must be proportional to the slant range of the 
reflecting surface. This is the fundamental principle employed in Radar to 


measure the range of reflecting surfaces. 


The Height Tube Display 


/ 41. Range indications are normally displayed on some form of time<base. Every 
Radar Mechanic is familiar with the usual deflection type of display. An electr 
stream emitted fran the cathode af a cathode ray tube passes between deflecting 
plates. When both plates are at the same potential the electron stream passes 
down the contre of the tube. If the stream is sufficiently intense it will 
cause the fluorescent screen to glow with a colour characteristic of the screen 
material. By means of a focussing adjustment the electron etream can be made 
to converge to a fine point so as to cause only a bright dot at the centre of 
the screen. If one deflecting plate is given 4 suitable DeC. potential the 
beam oan be deflected to cause a spot at the side, top, or bottom of the tube 
sercen If now a sawtooth voltage is applied to the defleoting plates to drive 
the one plate positive and the other negative the electron stream is deflected 
andthe bright spot will sweep across the screen to develop a timebase. If the 
pot travels across the soreen at 4 constant velocity we aay the timebase is 
linear. If the velocity varies the timebase is non-linear. If we convert 
radio frequenay echoes into video pulses by means of a suitable receiver ani app 
these video pulses to a pair of deflecting plates at right angles to the timebas 
plates, these pulses will deflect the electron stream for the pulse duration to 
give the familiar deflection presentation. In order that the resultant deflec- 
tions or "blips" may remain stationary they must appear at the same point in the 
timebase sweep for each trensmitter pulse. Hence it is always necessary to — 
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synchronise the transmitter and the timebase. If the timebase sweep begins 
when the trananitter fires the first blip to appear on it mist be the echo fron 
the nearest reflecting surface. This will be the ground echo fran the point 
on the earth's surface directly below the aircraft (if we neglect echoes 
other aircraft). If the timebase is linear, iee. the cathode ray tube spot 
is travelling at a uniform velocity, all blips will appear at distances along 
the scan which are proportional to their echo time, and hence proportional to 
their slant range. Such a display is used on the He2-S. height tube, which 
uses a vertical scan running from the bottan to the tap. Echoes appear as 
deflections to the right. Since the tranamitter fires 670 times per second 
there must be 670 sweeps of the timebase per second. 


12e We have stated that the H.2.S. beam is narrow so as to illuminate only a 
amall sector of the earth's crust at one time. Hence, if the scammer is 

, stationary the height tube timebase can only show deflections die to targets 
lying in the illuminated sector. In operation the scanner will normally be 
rotating at 40 - GO repem If we assume the speed to be 60 repeme oF 1 rePeBe 
the He2eS. beam turns through 360° in one second and in this time the timebase 
will make 670 sweeps and the transmitter will have sent out 670 bursts of radio- 
frequenay energy, each of 1 microsecond duration. As the scammer turns the 
narrow He2eSe beam illwninates different sets of targets or different parts of 
iarge targeta on successive pulses. Hence the height tube display will not be 
steady but will show deflections rising and falling at different points along 
the timebases as targets at different ranges pass in and out of the bean. 

Such a display, obviously, is not suitable for target identification purposes. 


Measurement of Height 


13. There will, however, be one echo that remains steady as long as the 
aircraft height remains constant. This is the ground echo fram directly 
below the aircraft which comes in om each trananitted pulse. Its diatance up 
the trace will be proportional to the aircraft height. To prevent over- 
loading o strong transmitter breakthrough signals the I.F. amplifier of the 
He2eS- receiver is suppressed for 20 microseconds in every 1500 microseconds, 
the suppression period terminating at the end of the tranamitter pulse. Hence 
the timebase shows a 20 microsecond blank section. At the end of this 
suppression break the soan may show 4 deflection to the right which 1s the 
tail of the transmitter pulse. Beyond this signal there will be only vaive 
noise until the ground echo appears as a bilge to the right. A height marker 
pulse is generated in the H2.S. set which appears om the height tube display 
as a deflection to the left. This height marker blip can be moved up ani 
down the timebase by means of a height control on a second unit at the 
Navigator's table, termed a switch mit. If the height marker blip is set to 
the beginning of the ground echo bulge, the aircraft height above ground can 
be read fran e calibrated soale under an index line. If the aircraft height 
changes the echo time for the ground echo changes and the ground echo tulge 

on the height tube display moves accordingly. | 


Requiraments of Display suitable for Target Identification 


14. We have seen how the height tube diaplay can be used to give the He2.5. 
Operator the height of the aircraft above the earth's surface but we have 
concluded that the deflection type of presentation is not suitable for target 
identification. Obwicusly, the type of display required is one which can be. 
most readily canpared with a terget map. Suppose that we can arrange to have 
the height marker trigger a timebase circuit which causes the electron strean 
to travel fron the centre of the tube to the circumference. If the height 
marker is set to the ground echo then the height marker triggers the timebase 
at the instant the ground echo reaches the aircraft. The centre of the dis- 
play will then represent the point directly below the airoraft. This means 
that the scan will not camence when the transmitter fires but after a time 
interval equal to the echo time of the ground echo. Let us suppose first 
that our radial timebase sweep was linear. Echoes from targets would return 
at. time intervals after the transmitter firing which would be found by dividing 
their slant range by 10.7, the echo time in microsecanis per mile return. 
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The distance fran the whbe centre at which the indications would appear would 
be proportional to the time of travel of the cathode ray tube spot, iee. to 

the difference between the target echo time and the groum echo tims. Since 
the ground echo time is proportional to the aircraft height and the target 

echo time is proportional to the alant range, the difference between these 

times will be proportional to slant range mimis height. For ease of target 
identification by comparison with a target map, target indications should appear 
at distances from the tube centre which are proportional to their grouml range. 
Since a linear timebase does not fulfil this condition it is necessary to 
develop a special type of non-linear timebase which does fulfil this condition 


15¢ What we want is a non-linear radial timebase that begins at the tube 
centre when the ground echo reaches the aircraft and which will be non-linear 
in such a way as to show target indications at distances from the centre pro- 
portional to their ground rangee Moreover, these indications should give 

the best possible substitute for actual visibility. . A display which resembles 
a relief map suggests itself. If we can make water, with very weak returns, 
show up as biack, general ground returns as faint luminosity, and cliffs, 
heavily built-up areas, etc. as bright patches, we have sanething akin to a 


relief map. 


46. -In order that such a display can be canpared with a terget map the H.2.S. 
operator mist know where North appears on his dieplay. He also wants the 
target indications to have the same relative bearings on the display as on 
the target map. Hence, H.2.S. should provide a display which fulfils the 


following conditians:- 


+ The top represents true North. 

b) Target indications appear as luminous patches for strong 
returns, general ground returns give faint background 
luminosity, andi rivers, lakes and sea can be kept almost 


(c) These indications appear at distances from the centre 
proportional to their ground range and show relative bearings 
on a target map. 

(a) The centre of the display always represents the point 
directly beneath the aircreft and target indicatians appear 
at the correct bearing from the tube centre. 


Development of Display for Target Indications 


417- To produce the type of display we have described the radio frequency 
echo pulses after conversion into positive-going video pulses, are applied 

to the cathode ray tube grid. By adjusting the bias on the cathode ray tube 
it can be arranged that the intensity of the electron stream emitted fron 

the cathode is not sufficient to cause any glow on the screen unless a positive 
pulse is acting on the grid. Hence, as the non-linear timebase voltage 
deflects the stream from the centre to the ciramference of the tube, the 
screén remains blank when there is no signal om the cathode ray tube grid. If 
the receiver gain is turned up valve noise peaks plus general ground return 
echoes will cause a faint flashing or "scintillating" background while stronger 
echoes will cause the screen to brighten up along the sweep at distances fran 
the certre proportional to their ground range. If the top of the map ie to 
represent true North the radial timebase mst be sweeping fran the centre to 
the top when the scanner is looking toward the North. If echoes from other 
@irections are to appear es bright patches at their correct bearings on the 

. @isplay the radial timebase must move araind the tube in synchroniem with the 
scanners We have stated that there are 670 sweeps of the timebase per second. 
Hence if the scarmer revolves once per second and the radial timebase moves — 
in synchronism with it, we can think of our timebase as resembling a wheel with 
670 spokes, ies. we have timebase sweeps at angular intervals on the tube of 
25 or slightly more than a half degree. 


ee Lie UOSOL: 
Resolution of Indications 


18. <Any target will cause a brightening up of the mumber of sweeps that 

occur while the H.e2eS. beam moves across the target. Hence the angular 

width of a target indication will be equal to the angle subtended at the 
aircraft by the target plus the beam width. This follows since returns 

will came from the target as soon as the leading edge of the beam reaches the 
target ard the returns will contime until the trailing edge of the beam leaves 
the target. AS a consequence of this fact adjacent targets will only give 
seperate indications if their angular separation exceeds the beam width. 

Hence, the resolution obtainable with He2.S. depends om the beam width. 4He2.S. 
Mark IIC gives a beam width of about 8 degrees while the width of the beam 
developed by H+e2eSe Mark IIA is about 35 degrees. As a consequence of this 
difference in beam width somewhat better resolution of targets is obtainable 


with He2.Se Mark IITA. . - 


Reason for Using Centimetre Wavelengths 


19. ‘The whole reason for using centimetre wavelengths in H-2.5. has been the 
necessity of developing narrow beams in order to get resolution of targets. 

The development of narrow beams at longer wavelengths requires elaborate aerial 
arrays which are mich too large for airborne worke 4s the wavelength is 
reduced the size of the serial array required to produce a beam of a specified 
width diminishes. In the centimetre band narrow beams can be produced by means 
of mirror arrays which can be carried in aircreft without impairing. speed or 


seriously reducing band load. 
How Target Indications v With 


20. For targets at long ranges the He2.S. beam strikes the vertical surface 

of the buildings on the leading edge of the target at a canparatively low angle. 
Hence, these leading edge buildings will largely screen the greater part of the 
target. The returns will then cause only a brief brightening of each scan, 
jee. only a dot on each scan. These dots will then join together to form a 
thin arc. As the aircraft approaches the terget the beam strikes it at steeper 
angles and the screening effect decreases. The target indication therefore 
increases in depth. When the sircreft is close to the target the beam will 
illuminete the greater part of the target area and an indication will be pro- 
dused which roughly resembles the outlines of the strongly reflecting regions 


of the target. 


How the Target Display gets its Neme 


21. Since the main He2.S. display is essentially a form of relief map showing 

a plen view of the country unier the aircraft, we speak of it as a P.P.I. (plan 
position indication) display. The cathode ray tube used to develop this dia- 
play is called the P.P.I. tube. Both the PeP.I. and height tube are incorporated 
in an indicator at the Navigator's table. 


HeceSe Map Scales 


22. as the P.P.I. display is to be compared with a target map it is necessary 
to know the scale of the He2.S. mape Three different maps are available. 

One provides e ground renge coverage of around 40 statute miles on a tube of 
2b” radius, or a map with a scale of about 16 miles to the inch. he second 
map provides a ground range coverage of about 20 statute miles or a scale of 
about 8 miles to the inch. ‘he third gives a ground range coverage of 10 
statute miles or a scale of 4. miles to the inch. These correspond to the 
421,000,000, 1 : 500,000 and 1 : 250,000 scale maps. 


the Heading for Course Marker 


23. It has been stated previously that it is possible to set the He2eS. 

map #0 that the top represents true North. The control used for making this 
adjustment is located on a heading control unit which is also mounted et the 
Navigator's table along with the indicator and switch unit. When this adjust- 
ment has been made target indications will appear at the seme bearing from a 
line drawn fran the tube centre to the top of the tube as the actual targets 
appear fran a North-South line drawn through the aircreft position on the 
target map» What the H-2.S. Operator is frequently interested in ia the 
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pearing of targets with respect to the aircraft heading. To present this 
information visually a heeding marker is provided. We have noted previously 
that when the scanner is looking in any particular directiam the timebage 
sweep then cocurring will travel out fran the tube centre at a bearing equal 
to the bearing of the direction in which the scammer is looking provided the 
map has been correctly saet. It is arranged that at the instant the scanner 
goes through the dead-ahead positicam two contacts close to develop a positive 
pulse on the P.P.I. grid which lasts for the duration of about two sweeps of 
the timebase. This positive pulse serves to brighten up the two consecutive 
radial scans that occur as the scammer is passing through the dead-ahead position. 
Hence, for every revolution of the scanner a bright radial line, formed by the 
fusion of these two canseoutive brightened-up sweeps, flashes up at the bearing 
of the aircraft heading. Due to the after~glow properties of the screen this 
Inarker will be apparent all the time if the Navigator's canpartment is in 
darknesse The position of target indications on the diaplay relative to the 
heading marker will give an immediate picture of the position of targets 
relative to the aircraft course. A switch on the switch unit enables the 
He2eSe Operator to awitch off the heading marker when he does not wish to use it. 


The Track Marker 


24. jIn the He2-S- Mark IfC and Mark IIIA installations facilities are avail- 
able for converting the heading marker to a track marker in order to facilitate 
homing on a target during a banbing run. When a switch on the indicator is 
switched fran the "Course™ to the "Track" position a second gzet of moveable 
contacts is brought into operation in the scanner. This pair is offset fran 
the first fixed pair by. the drift angle when this angle has been set on the | 
Mark 14 vombsight. The positive pulse applied to the P.P.I. grid will now 
occur earlier or later than previously depending on the sense of the drift, 
and the marker will flash up on a bearing that shows the actual aircraft track 


as opposed to the heading or course. 


The Bearing Ring and Map Setting 


25 To permit the He2.S. Operator to make bearing measurements a bearing 

ring is provided on the front of the P.P.J. tube. This rotatable ring ia 
graduated in degrees. A pointer ila engraved om a perspex screen attached to 
the ring. When this pointer is set to a target the bearing can be read 
directly opposite an index at the bottom of the tube. This pointer is used 

to set up the H.2eS. map so as to have North at the top. When the pilot has 
set course the H.2-S. Operator sets switches on the heading control wmit and 
indicator to "Course" and sets the bearing ring to read the course opposite 

the index. He then adjusts his setting knob on the heading control unit until 
the heading marker flashes along the pointer on the perspex scale. The heading 
marker now shows the correct aircraft heading and the map is therefore correctly 
set. j The heading comtrol ‘awitch is now set to "Auto" amt the DR. campass 
keeps the setting of the map correct as the aircraft altera caurse. When a 
change in course cocurs the heading marker moves accordingly. 


- Range Measurements 


26. Although target indications appear at distances fran the tube centre which 
are proportional to their ground range the He2-S. Operator requires some means 
of measuring rangese For this purpose he is provided with a range marker. 

This range marker is a positive pulse generated in the H.2.S. set on every sweep 
of the timebase. It ia applied to the P.P.J. grid so will cause a bright dot 
on each of the 670 sweeps. The distance fran the tube centre at which these 
dots appear can be waried by means of a range control on the switch unit. For 
any setting of this cmtrol the distance fram the centre at which these dots 
occur is fixed. Hence the range marker dots on the 670 radial sweeps join up to 
form a luminous circle. When the H.»2.S. Operator wishes to measure a range he 
adjusts his range control until the marker ring coincides with the targete He 
can then read the target range directly opposite an index on a calibrated scale. 
The range marker is also mixed with the signals and applied to the height tube 
to appear as a blip to the right of the trace. - 


u.vpUVUOVO L 


LUCERO ‘ 


FIG. 7a 


DISPLAY MAY BE 
SINGLE OR DevaLE 
SIDED ACCORDING 
To CARCVIT - 





DASH 


DoT 


RANGE 
MARKER 


HELGHT TUBE 
PiISPLAY OF LucEedo 
T@\GGEaEevo GABS 


Witte DoT Amo 
PASH AMPLITUDES 
AQE EQUAL , THe. 





PRCRAET |6 HEACING GE ACONS. 
CiRESTLY FoR THe 
CENTRE oP THE 
Mun way. 
SvPPRESION GAOVNOD KE TURNS 
FIG. 7b 
RACE 
MARKER 
SATURA TSP 
BEACor 
RESPONSE . 
BEACoe 
265fon Se 
‘To fort: 
GEACoM 
Response 
PEA? AuLAC- 
Gkoune? 
Revers, 
HEIGHT TUE - 
DISPLAY OF Lucero 
THICGERES HominG 
SurrPRessionw BEACONS. 





CeoD- O896L 
The 30 Mile and 100 Mile Range Scales 


27. ‘Three different range scales are provided, all located on a range drum 
which turns as the range control is operated. One scale provides slant range 
measurementa fran 0 to 100 statute miles. The first part of this scale is 
used when the 40 mile timebase is in use. The 40 - 80 mile portion of the 
seale is not used on the P.P.I. display. This 100 mile scale appears along 
the outer edge of the range drum. On the inner edge of the range drum is 

@ second scale which is calibrated to read slant ranges fran 0 - 30 miles. 

Tis seate is used in conjunotion with the 20 mile timebase. In each case the 
range is read fron the graduation that appears opposite a littie index. it 
has been stated that the range measured is actually slant range although target 
indicatiams appear at distances fram the centre which are proportional to their 
ground range. This anomaly arises from the fact that we are actually measuring 
echo times which are proportional to slant range. 


The 10 Miie Range Scale 


28. The central part of the range drum shows a set of curves and a metel 
pointer that tracks across these airves when the height control is operated. 
These curves serve to convert slant range to ground range and permit measure- 
ments of ground ranges between 0 ~ 10 statute miles. To use this 10 mile 
scale the height marker mat first be set to the begiming of the ground echo 
on the height tube. As this is done the pointer mentioned above tracks across 
the range Grum and the range marker moves om both the height tube and the P.P.I. 
This happens because the height marker circuit is triggering the range marker 
cirouit when the 10 mile range scale is in use. This is not the case when the 
30 or 100 mile range scales are in use as the height and range marker circuits 
then operate independently. When the height marker has been set to the groum 
echo the range control is used to set the range marker ring to the indication 
on the P.P.I. display. As this is done the curves on the range drum move 
across the tip of the pointer. The curve opposite the pointer tip when the 
adjustment has been made gives the ground range of the target. 


The Bombing Scales 


29. On the range drum two sets of bombing acales are shown in addition to the 
range scales already mentioned. One of these appears in dotted red lines and 
the other set in solid red lines. These lines are bombing acales. The 
dotted lines ere 30 second lines, while the solid mes are direot release lines. 
Both sets are labelled in ground speeds. Suppose that a bombing run is in 
progress, and the 10 mile timebase and range marker circuits are in operation. 
Suppose the range control is set to 8 miles and a stop watoh started as the 
target touches the marker ring. The range control is then set to 7 miles and 
the marker moves ine When the target reaches the marker ring the watch is 
stopped. This gives the time to travel a mile ground range from which the 
ground speed is kmowmn. ‘The range control is then set to bring the 50 secomd | 
line which gives the appropriate ground speed opposite the tip af the pointer. 
If the aircraft flies straight and level at the same height until the target 
reaches the new position of the marker ring the target touches the marker ring 
30 seconds before an ideal bomb should be released. For different types of 
banbs suitable corrections have to be made to this 30 second value. In any 
case the mmber of seconds before the bombs should be released will be know. 
In this way He2.S. oan be used for blind banbing- If the direct release lines 
were used instead of the 30 second lines any ideal bomb should be released at 
the instant the target reaches the marker ring. 


The Scan=-Marker Switch 


30. We have spoken of the different timebases and range scales. Obviously 
the development of these different scan and marker ranges is achieved by | 
switching canponents in the appropriate He2.S. units. This switching is done 
by means of a 6~position scan-marker switch on the switch unit. The pointer 

of this switch moves across an engraved scale with two sets of mumbers q@m it. — 
The one set is labelled "Scan", and the other set "Marker". The six positions — 
provide the following combinations of timebases and markers:- . 


Ce D.0894L, 


Not useable on 
P.P.I. 





Prom the above table it can be seen that the second or 10/20 position of the 
| scan-marker switch permits the use of the 10 mile range scale, and hence of 
the banbing scales, on the 20 mile scan. This enables the H.2.S. Operator 
to use the bambing scales when attacking targets which are so large that 
they cannot be handled on the 10 mile map. 


The Beacon Switch and Lucero 


31-6 A beacon switch is also provided on the switch unit. This switch can 

be set to "OFF", B+H, B, or BAe When set to "Off" Lucero is inoperative. 

This is the position that is used in Bamber Cammand when Iucero is not in- 
stalled. When set to "B+H" both Incero and H.2.S. are operating. Signels 
fran honing beacons triggered by the lucero tranamitter will then be fed to 

the He2-S. Gisplays almg with the H.2.S. signils. The height tube display 
now becomes double-sided and the height marker no longer appears an the height 
tube. If set to the position "B" the He2.S. signals are eliminated and only 
the haning beac signals are received. These will appear as. two~sided blips 
on the height tube, flashing a Morse letter to identify the beacon. By 
altering course until the two sides of the blip are of equal amplitude the 
airoraft oan home onto the beacon. Fhen the "BA" position ia used a second 
local oscillator ia switched into the circuit in the Lucero unit. ‘iris enables 
the receiving part of the Lucero unit to amplify signals from BABS 

beacons. These signals take the form of a narrow blip or “dot" insjde a wide 
blip or "dash". If the two blips are of equal amplitude the aircraft is making 
its approach in a direction coincident with a line down the centre of the 
runway. If there is no drift the equal amplitude blipa will be symmetric with 
respect to the trace. If drift is present thia symmetry will not be obtained 
when the amplitudes are equal. If certain circuit modifications are introduced 


displays of lucero signals will be single sided. 


32. When Lucero Mark II is used a push~button tuning unit is included in the 
installation. This unit permits switching of the tuned circuit components in 
the Lucero transmitter and local oscillator circuits to operate on different 
chamels in the band 214 to 234 Mc/s. This multiple-frequenmy design permits 
different aircraft to trigger different Eureka beacons without causing inter- 


ference. 


The Gain Control 


336 The He2.S- Operator's gain control is also mounted on the switch unit at 
his table. . | 


The Tuning Control in He2Z.S. Mark IIC. 


3ye In airoraft fitted with an He2eS. Mark IIC installation a tuning unit 
containing the local oscilistor of the H.2.S5. receiver appears at the Navigetor's 
table. The frequency of the magnetron transmitter valve may vary and since it 
cammot be tuned it is necessary to. tunethe local oscillator to keep the . 
difference between the signal frequency amd local oscillator frequency equal to 
the fixed frequency to which the I.F. amplifier responds. ‘the local oscillator 
tuning control appears om the tuning unit where it is readily accessible to the 
He2eSe Operator. 


The Tuning Controls in He2eS. Mark ITIA 


35. In an He2eS. Mark IIIA installation the local oscillator is incorporated 
in the same uit as the transmitter valve. This unit is called the H.F. tox in 
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Mark IITt He2eS. installetion. A local oscillator tuning control is provided 
on the HeF. box for use by the Radar Mechanics. Since the He2eS- Operator 
must also be able to tune the local oscillator a tuning unit with a remote. 
tuning control is fitted at the Navigator's table. 


Origin of the Term *T¢R" 


36. ‘The trananitter unit used in Mark II H-2.S. installations is usually 

called the T2Re # This nomenclature arose in Mark VIII AI. where the trans- 
mitter unit contained both the 9 cm. transmitter and an I.F.F. interrogating 
transmitter as well as a crystal mixer and the I-F. stagee The term "T2R" 
indicated the presence of two transmitters as well as receiver stages. The 


term is really not applicable in He2eS. since only one transmitter ia included 
in the transmitter unit. 


Me Distortion Corrector Control 


37e Another control of interest to the H.2.S. Operator, the distortion 
corrector control, appears on the indicator penel. This control must be set 
to the aircraft height (found by setting the height marker to the ground 
return) if target indications are to appear at distances fram the centre which 
are proportional to ground range. . 


Rrilliance Control 





38. The brilliance controls for the height tube and P,P. I. appear as variable 
eontrols on the indicator panel to permit adjustment by the He2.S. Operator. 


Presets 


39. Numerous preset controls are included in the equipment but these are 
primarily the concern of the Radar Mechanic and are more conveniently discussed 
when dealing with the associated circuits. 


Pishpond 


40. ‘The Fishpond indicator unit is used by the Wireless Operator. It prox 
vides a P.P.I. display with a timebase which is synchronised to that of the 
He2eS- displays. It differs from the He2S8. P.Pels display in that the scan 
is essentially linear and gives a range cowerage of 4 = 5 miles independent of 
the seen in use on the He2-S. indicator. The effective scen begins when the 
transmitter fires inatead of when the height marker forms. The heading marker 
appears on this display at the same bearing aS on the He2eS. PoPele The tube 
is provided with a bearing ring similer to that on the He2eS. indicator. The 
effectave Fishpond scan begins about a half inch from the tube centre when the 
traramitter fires and the coverage is only 4 - 5 miles, ies. just over the normal 
aircraft height. Hence, the only indications fron points on the ground that 
will appear at operational heights will be a ground echo ring arcund the outside 
of the tube. ‘The only indications that can appear inside this ground echo 
ring will be due to reflections fran aircraft which may be present in a hemi- 
shpere below the aircraft with centre at the aircraft and radius equal to the 
aircraft height. The position of any auch aircraft indications with respect 
to the heading marker will indicate whether the reflecting aircraft is astern, 
ahead, on the beam, or on any quarter. There is, however, no definite 
indication as to its position in elevation. Sane idea of elevation may be 
obtained by banking. If banking causes the indication to cross the heating | 
marker the reflecting aircraft must be well below the receiving airoraft. If 
banking causea very little displacement relative to the heading marker the 
reflecting aircraft mist be et mich the sans height as the receiving aircraft. 
Indications produced by hostile aircraft can be identified by noting whether 
they alter course to follow the receiving aircraft when it takes evasive 


actian. 


hie To get a quick estimate of range a sct of marker rings representing 
0, 1, 2, 3, & 5 miles can be put on the display by means of a puah-buttm@m 
switch. A variable gain and brilliance control are provided on the panel. 
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Power Switches | 


12. The power switches for the complete installation are located on the 
switch unit. When the push-button switch labelled “L.-T. ON" is pressed a 
green pilot lamp lights. after about 40 seconds 4 relay in the power unit 
closess If the next push~button labelled "H.eT. ON" is now pressed 4 yellow 
pilot light lights up. if this button is pressed before the relay in the 
power unit has closed the yellow pilot lemp will not light up, indicating 
that the tutton has been pressed too soon. After a further delay of about 
the same interval a red pilot lamp lights up and the transmitter starts 
operating provided a toggle switch on the modulator unit is in the "Down" 
position. Te entire equipment is switched off if the push=button labelled 
"L.Te OFF" is pressed. If the button "L.7T. ON" is pressed when the equipment 
is running the transmitter becanes inoperative but-the rest of the equipment 
remains operative. The transmitter can be brought on again after the usual 
delay by again pressing the "H.T. ON" button. A toggle switch on the switch 
‘unit lebelled "MOTOR" is used to switch the scanner motor on and off. A 
similar, switch adjacent to the scanner switch labelled “LINE OF FLIGHT" ia 
used to switch the heading marker on and off. 
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CHAPTER 2 ~ WHAT THE He2eS. INSTALLATION COMPRISES 


Introduction 


43 In Chapter 1 we discussed He2eS. from the standpoint of the nature of the 
system and the facilities it provides operationally. We mist now consider the 
equipment more specifically fran the radar mechanic's point of view and note 
the basic functiamal sub-divisions of the installation and the way these 
functional sub-divisions are distributed in units. 


Fonctical Sub-Divisions 


bj, From a functional point of view we may regard the H.2.S. installation as 
comprising the following:- 


te} Power supplies and safety circuits. 
b He2eSe timebase circuits for both the P.P. Ie and height 
tube presentations. 
(c) A tranamitter chain which will include :- 
(i) Synchronising and timing circuits. 
(42) Chrouits to develop the modulating pulse. 
(iii) The transmitter proper. 
{iv) ‘The output systen. 
(ad) <A receiver chain which will camprise 
(1) A TR. switch. 
(ii) Crystal mixer. 
(iii) Kiystron local oscillator. 
(iv) Head amplifier. 
(v) I.F. strip. 
(vi) Second detector. 
(vii) Output stage. 
(viii) Suppression circuit. 
(e) Marker circuits which will camprise 
(4) Heading or track marker circuits, and their 
eutanmatic and mamiual controlling stages. 
AG Height marker circuits. 
(i114) Range marker circuits. 


f) Bright-up, mixing, output and display circuits. 
&) ‘The roll-stabilisation circuits for the scanner. 
h) Fishpond. 

i} Inoero. 


45. With the exception of Lucero and Fishpond these functional sequeices 

are not arranged in units but have sub-divisions and contrais scattered in 
different units. This arises partly fran the necessity of having such controls 
as will be required by the He2.S. operator at his table, while at the seme 

time arranging e suitable weight distribution of units in the airoraft. The 
sub-division of the He2.S. installation into units is, therefore, quite different 
from its partition into functional sequences. Since the radar mechanic mist 
work with units, although he must think in terms of functional sub-divisions 
acattered throughout those units, it is proposed to state at this point what 
units are used and then to proceed in the following chapters to study the 
functional sequences ani the distribution of their subsections in these unite. 
How these wits are linked up in the aircraft installations is shom in the 
cabling diagrams, fig.13, Mark TIC, and fige 14, Mark IIIA. 
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bbe Tie Mark IIC installation, ARI.5590, comprises the following items:- 


re 
T 


Tre 3191 orB/1003 
or are ODB/ 867 


Type 
Type 280 HOKE/ 747 


or 
Type 224 HOKB/ 512 
Type 34 [10VB/6056 


cr’ 
Type 35  i0VB/6057 
Type 207B /i0FB/6115 
Re 3515 ona/6060 
or R. 3516 11 ODB/6061 





Transmitter Unit (TR) 












Modulator 
Power Unit 


Waveform Generator 





Switoh Unit 
Receiver-timing Unit 


Indicator 


Tuning Unit 

Heading Control Unit 

Junction Box 

Scanner 

amplifier Unit taal 

‘Jamplifier Unit (Gramco) 

Track Marker Control 
Unit 

Scammer Speed * Unit 

Gyro Control Unit 























Motor Generator 
Junction Box 

Stabilised Platform 
Main Junction Box 
Fishpond Indicator 








3 lbs. 





| Fishpond Jumtion Box 
Fishpond Bright up WKG 

-tIwocero Mark IT 

Lucero Control Unit 

Lucero Acrials 

Adapter Frame for 

Stab. Platform 
Scanner Heater 
Connector Set 
e 





36 1bds. 


Type 2224, H OLB/6010 1¥ lbs. 


Type 184 }10DB/2171 
Lancaster }10AB/6524, 
Halifax |10AB/6523 


oor prabagy ref eNO. 
Halifax )ifor can- 
mLlete set 
Type 5 50/363 
Type U 50/349 


14, ibs. 
| 1h Lbs. 







70875"1 18 Ibs. 


Voltage Control Panel 
38 lbs. 


Alternator 
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47. ‘The Mark ITIA installation, ARI.5583, camprises the following items:- 


Transmitter unit (HF box)| TRe3555B |10DB/6916 }10" 
tee 10" 
10DB/ 956 | 8.5" 
10KB/ 747 | 11-5" 
140OKB/ 512 1114.5" 
10VB/6056 111.5" 
40VB/6057 [11.5" 
Switch Unit 10FB/6115 112" 
Receiver-timing Unit Type R.3553}10DB/6305 1114.5" 
ODR/6306 [17.5" 
1098/6035" | 8.5" 










Modulator 
Power Unit 







Waveform Generator 




















Indicator lbs. 
: 1098/6181 | 85" Ld lbs. 
Tuning Unit 10LB/6051 | 6-5" 3 Lbs. 
10LB/ 6185 | 
Heading Control Unit OLB/6053 | 6.5" 4h. lbs. 
Junction Box 40AB/6L99 | 4.5" 2 lbs. 
Scanner 10AB/64,54. 60 ibs. 
Amplifier Unit (RPU) 100B/60,1 | 8.5" 21.45 lbs. 
a (Gramco) 1008/6078 | 8.5" 2105 lbs. 
Track Marker Control Unit 10LB/6091 | 6.5" 2 lbs. 
‘Scammer Speed * OLB/6102 {| 4.75" 4 ib. 
‘Gyro Control Unit HQOLB/607% | 6.135 4. Ib. 20% 
di. 
Motor Generator OKB/ 954 
QAB/2497 | 605" 118 lbs. 
QaB/6522 | 
QaB/6370 | 925" he75 be 
0QB/6031 {| 85° 26 lbs. 
0QB/6037 | 85" 26 lbs. 
OAB/6331 | 71" 3 lbs. 
OVB/6155 | 8.5" 
ODR/ 868 | 8.5" 36 lbs. 
0258/6010 | 6.13" 405 lbs. 
OnB/2171 
Adaptor frame for OAB/6524, 14. Lbs. 
Stab. Platform OaB/652 14. Lbs. 
Scanner Heater : 
Comnector Set oO refeno. 
or can- 
lete set 
Voltage Control Panel bu/ 363 Be 5" 18 los. 
Alternator / 349 38 lhs. 






Component Numbering 


48. To reduce confusion which might arise from identical numbering of 
components in different units, a system of blocks of numbers was allotted to 

the respective wnits in the first H.2.S. installation. As a consequence of 

the introduction of untts or submits ocanmon to other equipments there is now 

some duplication of ccaponent mumbering. The present nomenclature is as follows :- 
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Number Block 


Rx. section of Rx - Te unit. 
Mk. IIC Transmitter Unit. 















= 199 Switch Unit. 

- 299 | Modulator 65 (obsolete). 

- 399 Power Unit 

- 499 Timing Section of Rx. - fT. unit. 
~ 599 Waveform Generator. 

- 749 | Indicator 162 (obsolete). 

~ 899 Indicator 1844 (Gramco). 

- 99 Imicator 184, (RePoUe ). 

- 99 Indicator 182 or 182A (Pishpand). 
- 99 | Modulator 64 (Universal Unit). 





T.Re 3160 (Imcero Mark II) 
in each sub-unit. 









Locatian of Units in the Aliroraft 





49. 


(a) The following units will be located at the navigator's table:~ 
i 


(b) 
(c) 


(a) 
(e) 


Indicator 18 or 184A. —_ 
(41) ‘Tuning Unit 207 (Mark IIC) or 444 (Mark ITIA with 
TR. 3555 series) or 499 (Mark IIIA with TRe 3525 series )« 
(441) Heading Control Unit Type 446. 
(iv) Switch Unit 2078. 
v) Iwcero Control Unit Type 222A. 
(vi) Scammer Speed Control Unit Type 4/7. 


The Fishpond indicator ( tnd its bright-up generator, WFG Type 43) 
will be at the wireless operator's position. 


The following will fom part of the stabilised scanner 
installation at or near the perspex cupola:- 
(i) adaptor frame for the stabilised platform. 
(ii) Platform and scanner. 
(441) Transmitter unit. 
(iv) amplifier unit A. 3562. 
(v) Gyre Control Unit Type 453. 
(vi) Motor generator Type 7h. 
(vii) Junction boxes 246 and 247. 


fhe track marker control unit type 468 is mounted at the Mark 14 
banbsight position. | 


A . 
The remaining wnits are mainly located in snitable racks amid- 
ships. The details will vary somewhat from one aircreft to 
another and may be modified as required to provide for other 
radar installatias. : 
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CHAPTER 3 = POWER SUPPLIES 
Outline 


20. The He2.S. power supplies are derived fram the aircraft 24V. DeCe supply 
and a Type U 1200 watt engine-driven alternator. The 24V. DeC. supply is taken 
to a control unit, Type 5, which regulates the D.C. field current to the 
elternator so as to maintain the A.C. output voltage from the alternator at a 
constant value of 80V. in spite of fluctuations in engine speed. For engine 
speeds varying between 1500 and 2600 rep.m., the maximum variation of the output 
voltage fran the elternator should not exceed 2 2y. 


51. The 24V¥. DeCe supply and the 80V¥. AC. supply are taken to the H.2.S. 
power unit fran which they are distributed to the other units via a junction 
box. The Mark IIC installation uses a junction box type 83 and the Mark IIIA 
installation a junction box type 231. The 24V. supply is used for operating 
various motors and relays. Details of the distribition channel are shown in 
figs.210 and 211. The 80Y. supply is distritted for the development of heater 
supplies, biasses and H.T. supplies. 


52- The power unit proper develops the following supplies:- 

te +300V. fram a 5U4G fullewave rectifier stage. 

b}) + and = #800V. from two VWU.13%3, full-wave rectifier 
stages balanced about earth potential. 

¢s3 =100V. developed fran a bridge metal rectifier. 

ad) The <-1800V. supply is tapped down on a bleeder to 
provide a -i000V. output. 


The +300V. and -1000V. supplies are distributed via the main junction box. 
The ~18000V. supply is trensferred directly via a uniplug cable. The +1800V. 
supply is not used. : 


53+ The modulator type 6h develops the following supplies:- 
(a) -4KV. fran a single-ended voltage doubler stage. This supply 
is used to develop the modulating pulse for the transmitter. 
An output is also tapped off which is used to provide the 
bleeder supply for the indicator 184 and Fishpond P.P.I. tubes. 
(b) =100¥. bias supply fron a metal rectifier used only inside 
the modulator. 


54. The tuning unit 207 used in the Mark IIC installation contains a +300V. 
5U4G double half-wave rectifier which is used to supply the HT. for the 


55- The receiver~timing unit used in the Mark IIIA installation contains an 
independent power pack which includes:- 
(a) A +300V. 5U4G fullewave rectifier stage which supplies 
the HeT. for the receiver=timing unit, the H.T. and screen 
voltage for the I-F. strip, and the variable sereen voltage 
for the second head amplifier stage. 
(ob) A ~100V. neon-stabilised metal rectifier for bias voltages. 


56. The indicator 18) has a ~300V. metal rectifier supply used as a 
negative rail for the timebase valves. This supply is also used for biasses 


in the TRe 3523. 


57. The TR.3555 series transmitter unit has a =2KV. VWU.e111 half-wave rectifier 
pack with special stabilisation arrangements. This pack provides the supply 
voltages for the CV.129 klystron local oscillator and the CV.114 soft rhumbatron 


TR. switch. : 
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58. The TR. 3523 transmitter unit has a power pack which develops the 
following ' supplies:- 


(a) A 5ULG +300V. full-wave pack with a CV.173 stabiliser stage 
swinging positive from 4 level of around 300V. fixed by 
the 300V. pack in the power unit. 

(>) A W111 ~ 1000V. half-wave rectifier pack with a tapped dow 
~300Ve neon-stabilised output. The ~{000V. supply is used 
for the CV.221 soft rhumbatron TR. switche 


Both the +300 ani -300V. supplies are used on the 723A local oscillators. 


_ 59. Fishpond has a SY4G 400V. full-weve rectifier supply for the 
Fishpond valves. | 


60. The Amplifier Unit, Type Ae 3562, used in the roll stabilised scamner 
has its ow power pack which develops the following outputs:- 


(a) A 5U4G full-wave rectifier develops 6 +300V- supply for the 
amplifier valves. 

(b) A seleniun rectifier develops a 60¥. supply fed to the slab- 
wound potentioneter in the Gyro control unit. 


61. The Lucero Mark II unit contains its own power unit which developsi- 


(a) =2e5KV. VU0120 half-wave rectifier supply for tue Lucero 


transmitter. 
(b) 250V. 524G full-wave rectifier supply for the other Lucero 


StTAZSS « 


62. ‘The WeF.G.34 has a VRe116 voltage stabiliser which drops the 300V. 
supply to provide a stabilised 200V. supply for the master miltivibrator 
stages, firat three sawtooth stages and the. transmitter=timing valve. 


63. ‘The receiver-timing unit has a VR.65 voltage stabiliser stage which 
provides a stabilised H-T- supply of around 290V. for the height and range 
marker timing and flip-flop stages and for the heading or track marker circuits. 


6. The power unit has a sefety circuit stage which operates relays to 
switch the equipment off if an overload develops. 


65. The modulator type 64 also has a safety circuit valve stage which 
operates relays to switch off the Modulator HT if an overload is applied to 


the modulator <4KV. pack. 
The Power Unit Supplies 


General 


66-6 a) ‘The power unit circuit is shown in fige2s. . 
b) The distribution channels are shown in the interconnection 


diagrams, figs. 210 and 214. 
The + and = 1800V. Pack 


67. The essentials of this stage are shown in fige30.  80V. AeC. is fed 

to the primary of the high voltage transformsr, T- 302. V.300 and V-501 
together form a full-wave rectifier which develops am output of +1800V. 
smoothed by CK.300 and Ce 300 and applied to the yellow W unipluge Ve302 and 
¥.303 form a second full-wave rectifier which develops a -1800V. output. 
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This output is smoothed by CK.301 and C.301 and applied to the green W uniplug. 


68 Across the -1800V. output is a bleeder network consisting of R333, 
R. 338, R339 and R334. About -1000V. is tapped off at the junction of R338 
and R.e339 and taken to pin 14 of the 18=—way plug. 


The +5007. FPacic 


69. The fullewave rectifier, V.30, is fed fron the tapped secondary of 
T. 503. The 300V. output, smoothed by CK. 302 and Ce 302, is applied to pin 16 


of the if-way plug. 


The -100V. Supply 


70. ‘The metal rectifiers, MR. 302 and MR. 303, are also fed from the tapped 
secondary of T, 303. The «1007. output, smoothed by CK.303 and Ce 303, is 
applied to pin 13 of the 18-way plug. 


Summary 
712 1+=Power Unit inputs are:- 
(a) 24¥. DC. at red 2C supplied fran aircreft supply via the 
VeCePe Type 5. 
(b) 80V. AC. at the black 2C fran the engine-driven 1.2KW. 
alternator, regulated by the V.C.P. Type 5. 


72e Power Unit outputs aret- 


b) '41800V. at yellow W uniplug (not used). 

c) ~1000% at pin 14 of the 18way plug. 

(4) +300V. at pin 16 of the 18<way plug. 

¢? =-100V. at pin 13 of the 18-way plug. 

f ~ZhV DC.» switched) to pin 2 of 1 Bway - 

+24V. D.Ce eee to pin 3 of 18=way. 

~2LVe DeCe (unswitched) to pin 2 of GA. 

“247. DC. switched) to pins 15 3» bs 5, 6 of GA. 

(g) 80V. AC. to pins 6 and 7 (strepped) and to pins 8 and 9 
(strapped) on the 18—way when B relay is energised. 


%) -1{800V. at green W uniplug.- 


The Power Unit Jack Points 


73» On the front panel of the power unit are 4 jack points for checking 

the +1800y., =-1800V., +300V. ami -100V. supplies.» A fifth Jack marked 

"300V. Feed" gives an indication of the total ourrent drain fram the 500V. 
rectifier. any meter having suitable current ranges may be used for checking. 

. The meter positive should go to the jack tip amd the negative to the ring for 
all the jack points. Normal readings of the voltage jack points are as 

follows :- | | 


Noymal Reading 


PU 260 | PO 22h 





The The 300V. feed jack point reading with the He2sS. Mark II installation 
used to be 1-2 ~ 106 mae In the Mark TIC and Mark IIIA installations the 
value is of the order of 0.8 - 1.0 ma. eas the Mark IITA installation has an 
addea@ 300V. pack for the receiver while the Mark IIC instellation uses an 


added -300V. pack for the indicator 184. 


The Power Unit Relays and the Switching ON Sequence 


75. ‘The alternator switch at the navigator's table is in series with the 
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Y.CeP. switch which will normally be left on. When the alternator switch is 
closed the field supply to the alternator is completed and the S0V. supply will 
be developed and fed to the power unite Closing the alternator switch aiso 
completes the 24V. D.C. supply to the power unit. The 80V. input is rectified 
by MR.300 and energised relay Ae Contacts 5 ana 6 close and canplete the +24V. 
DC. line to the switch unit via 18/3 and 60/6. 


76. Pressing the "L.-T. ON" button on the switch unit completes the D.C. 
circuit through the green lamp (SL.150) and 64/2 to energise B relay whose 
contacts make the following connections:- 


(a) 3B7/8 complete the 24V. circuit via 6A/3 and the green switch 
lemp so that B relay remains energised when the pressure is 
released om the "L.-T. ON" button. 

(b>) B5/6 connect SOV. AC. to the junction box via pins 6 and 7 
of the 18-way. Pins 8 and 9 of the 18~-way were connected to 
the other side of the 80V. 4-C. when the alternator was 
switched on. 

(c) B9/10 connect the -24V. DeC. to the junction box via 18/2 to 
camplete the circuit for the hlower motor in the transmitter 
unit. <2hVe DeCe As also camected to relay C, relays in the 
RX, WFG, Fishpond and Lucero, and to the scanner motor and. 
repeater motors. 

(a) B11/12 complete the 80V. AC. supply to the primary of T. 303. 
Ve 30, canes into operation to develop the +300V. output. The 
metal reotifiers MR. 302, MR.303 now develop the -100V. bias 
supply. ‘The delay valve, V.305, starts to pass current since 
its filament is supplied fram a winding an T.505. 


77. With reley C unenergised, the contacts c5/6 in the grid circuit are 
closed. Before V.305 camences to pass current its electrodes are at the 


following potentials:- 


(a ANOS ecorecsassrveseverrrsere +300V. 
b SereOn cecocaoveaseceeveesenovere +280V. 
¢ Grid aeaeeeeeeowreseeeneonateereae + 15V. 
d) Suppressor and cathode ..-+-.-+. Ov. 


Within a few seconds of pressing the "L.-T. ON” button ¥.305 starts to pass 
current and there is a fall in the anode potentiel. ‘This fall is fed back to 
the grid via C-304 and contacts 1/2 of relay E- This tendency of the fall 
in anode potential to carry the grid down retards the build-up of anode 
current sufficiently to make a delay of 50-40 seconds before sufficient anode 
current flows to energise relay D (RY-303). 


78e When relay D is energised the following circuit changes occur:- 


(a) Contact 6 breaks fran contact 5 and closes to contact 7 to 
remove the shunting resistor R-323 and short cut Re322. This 
inoreeses the current through the relay ami so holds the relw 
well energised. . | 

(b) Contacts Di/2 connect relay C to the "HeT- ON" button on the 
awitch unit via pin 4 of the 6A W~plug. | 

(c) Contacts D3/4, which were closed when the relay was unenergised, 
now open and break the <24V- supply to relay Ee This has no 
effect at this stage since relay E was not energised 


79. <QIf the "H.T. ON” button is now pressed on the switch unit, the 2)V. 
DeQ. circuit to relay C is campleted via the amber pilot lamp (SL.151) and 
64/4. The following circuit changes occur with the energising of relay C:- 


(a) Contacts C3/4 close to camplete the 2)V. supply through the 
solenoid via the amber pilot lamp and 64/5 when pressure is 
released fran the "HeT. ON" button. 
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(b) 1/2 close and complete the -24V. line to relay F and 
contact 3 of relay D. 

(c) C7/8 close and complete the 80V. A.C. supply to the primaries 
of T.301 and T. 302. This makes the ENT circuits operative and 
the +1800V. =-1800V. and ~1000V. supplies are developed. 

(a) 5/6 open and remove the positive bias from the grid of the 
delay valve, V.305, which is now left with a negative bias of 
about -20V. on its grid. The anode current cammences to fall 
but because of the anode-grid feedback this fall is gradual. 
About 30 seconds elapses before the fall in anode current is 
sufficient to Ge-energise relay D- 


80. When relay D becomes de-energised the following actions take place:- 


(a) D1i/2 open and the D.Ce cirouit between relay C and 64/4 is 

=" This has no effect since relay C is energised through 
5e 

(b) Contact 6 of relay D breaks fram 7 and closes to 5 to put 
Re 322 back in V.305 anode load and shunt R.323 across D relay. 
V.305 is now back in the condition which existed when its 
filament wes first heated with the exception that the grid now 
has a negative instead of a positive bias. 

(c) D3/h closes now and campletes the 24V¥ supply through the 
solenoid of relay B which now becames energised. — 


81. The energising of E relay brings about the following changes:- 


(a) 9/10 close to connect +300V. to the modulatar via 18/17. 
This is the +300V. switched supply to the modulator. 

(bo) E1/2 break and E5/6 close to discomnect the feedback condenser, 
C.30, fran Ve305 grid. This leaves Ve305 cut off an the grid. 

(oc) E7/8 close and complete the 24V supply through the red pilot 
lamp (SL.152) and pin 64/6. | 


Since the energising of relay E puts the 300V. switched supply into the 
modulator which enables the trigger gap, spark gap and modulating line to go 
into operation, the coming up of the red light means that the whale set should 
be operational. In order to have the transmitter come on with the red light 
the switch on the panel of the modulator 64 mist be down. ‘This switch 
campietes the 80V. AeC. supply to the primary of the transformer which supplies 
the -4XV. pack in the modulator. This pack, in turn, charges the artificial 
line which is used to develop the modulating pulse that operates the magnetron 
transmitting valve. 


‘82, When relay C is energised contacts C1/2 connect «24V. to one side of 
relay F. ‘The other side of the winding is connected via 64/1 to the scanner 
motor switch on the switch unit. The other side of this switch is comected 
to +24V.- When the switch is closed any time after the amber light comes 

on relay F is energised. Contacts 1/é and 5/6 then close -to supply 24V. to > 
the scamer motor via the 6B plug. , 


Summary of the Relay Sequence 


83. te A is energised when the 807. supply is switched on. 

b) B is energised when the "L.T. ON” button is pressed and 
the green light comes om. 

(c) Dis energised after a delay of some 50 seconds while the 
current in the delay valve, V.305, is building up. 

(a) C is energised when the "H.T. ON" button is pressed and the 
amber light cames on. 

(e) Dis de-energised sane 30 seconds after C is energised, the 
delay being due to the slow decay of the current in V.305. 

(f) Eis energised immediately after D is de~energised. This 
coupletes the 300V. supply to the trigger valve in the 
modulator and brings om the red light. 

(g) When C is energised -24V. is commected to one side of the 

- golenoid of Fs When the scamer motor switch on the switch 

unit is closed +24V. is comected to the other side of the 
solenoid and the relay ia energised to canplete the supply 
to the scarmer motor. 
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TRANSFORMER) WHICH WHEN RECTIFIED 
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LARITY To THAT From wir Soo. THIS F | ( ; 39 
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OFF THE SOV A.C. 


THE OVERLOAD ‘IRANSFORMER (7200) 
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Switching Off the H.2.5. Equipment 


84. . Pressing the "L.-T. OFF" button on the switch unit breaks the D.C. supply 
to relays B and C to cut off the entire power unit and hence all other units. 
All relays return to their initial condition except relay A which remains 
energised as long as the 80V. AC. supply is switched on. 


85. If the "L.T. ON" button is pressed when the equipment is running the 
Hef. and EeHeT. supplies are switched off but the L.T. is left on to keep the 
filaments warn. The actual sequence of events is as follows:- 


{a} The +24¥. DeC. connection to 64/5 is broken thus breaking the 
supply through the solenoid of C relay to de~energise the relay. 

(bv) ©7/8 open to cut off the 80V. A.C. supply to the primaries of 
7,302 and T.3505- There is then no EseHeTe supply. 

£33 c1/2 open to break the 247. DeCe supply to relays E and F. 

da) Relay F is de-energised and breaks the supply to the scanner 
motore 

(e) When relay E is de-energised E9/10 open to cut off the +J00V. 
supply to 18/17 and the moduletor. This means there is no 
HT. to the trigger valve and no further operation of the 
transmitter. 

(f) 85/6 open to disconnect R335 fran Co 50h E1/2 close to cormect 
C.304 between anode and grid of the delay valve, V- 505. 05/6 
close because C relay is de-energised. Ve505 conducts at ance 
since C.304, ia campletely discharged when it is re-conrected 
‘between anode and grid by E1/2. ‘The grid is therefore pulled 
very positive and E relay is energised at once. The relays 
are now in the same condition as they were after the initial 
delay while the current in V-505 built up sufficiently to 
energise relay D. The "HT. ON" button can now be pressed to 
initiate the sequence outlined in paras. 79-81. 


The Power Unit Safety Circuits 


86. If the 80V. AeCe supply fails relay A is de-energised since this relay 
4s energised by rectified A.C. Contacts A5/6 then open to break the 24V- 
DC. supply for the other relays. The whole equipment is then switched 

off. A short circuit on the 80V. line will reduce the voltage across MRe 300 


and so will cause the same result. 


87. If the 24¥. D.C. supply fails relays B, C, D, E and F are de-energised 
and the equipment is switched off. A short circuit on the 24V. supply will 
burn the contacts 5/6 on A relay or reduce the energising current through 
relays B, C, D, EB and F to switch the equipment off. 


88. 1.300, the overload transformer, provides protection against overloads 

on the rectifiers. If some fault develops which results an an exoessive 

load on any of the rectifiers, and hence. on the 80V. AeCe supply, the current 
through the primary of T.300 is increased. This increases the output fran 

the metal rectifier, MRe301, which is applied to the winding of relay A in 
opposite polarity to the output from MR. 500. During an overload the increased 
outpot fron MR.301 cancels out the output fran MR. 300 to a sufficient extent 

to de-energise relay Ae The 24¥. supply is therefore cut-off and the 
equipment is switohed off. 


The Modulator Power Pack 


89. Circuit details appear in figse 55, 212 and 213. 


90. 80V. AC. is fed through an interference suppressor to the primary of 
T.2 which supplies the heater voltage for the WUe133 voltage doubler rectifiers, 
Vol, Ve2. Tet primary is also fed with 80V. AeCe The secondary provides 
heater supplies for the other valves in the modulatore <A separate winding 
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provides the input to a half-wave metal rectifier which develops a -100V. bias 
supply for the CV.73 trigger valve. This -1 OOV. supply is also tapped down on 
a bleeder to secure the bies for the modulator safety valve, Vel. 


91. 3 is the BeH.T. transformer. ‘The 80V. AeC. supply to the primary is 
switched on by the modulator C relay in the anode of the trigger valve. When 
the power unit E relay is energised +300V. is supplied vie 18/17 to the CV.73 
trigger valve anode. The flow of current results in the energising of the 
modulator C relay and C/1 closes. If the switch, S1, on the modulator panel » 
3a down the 80V. A.C. input to 1.3 primary is completed when the red light 

comes up on the switch unit. The voltage doubler circuit develops a ~4KV-+ 
output which is fed to the blue W-uniplug @ the modulator panel. From this 
plug a cable is taken to the indicator 184 to supply the PePele bleedere A 
parallel plug is available am the indicator to tap off an output for the Fishpond 
P.P.Ie bleedere Within the modulator the -4KV. supply is connected through the 
64H. choke, Le1, to the artificial line. It is this -4KV. pack which supplies 
the energy to the modulating pulse which is used to operate the magnetron 
transmitter valve. 


92. Since C relay must be energised in the modulater before the 80V. supply 
to the -4KV. pack can be completed, and C relay current is the current passed 
by the trigger valve, Ve7, it follows that Ve7 mist be operating if the -4KY. 
pack is to operate. It has been pointed out that Ve7 grid is biassed back by 
the ~100V. supply. It is necessary, therefore, that Ve7 grid be pulsed if 

GO. relay is to be energised. This pulsing is provided by a positive-going 
20 microsecond pulse. The pulse is obtained by phase reversing the negative- 


going 20 microsecond modulator priming pulse developed by the VI.60A Vo 6. 
Ve5 and Ve6 actually form a miltivibrator that develops the pulsing waveform 


for Ve7 grid. This multivibrator must then be operating in order that the 
-LKV. pack may operate. | 


The Modulator Safety Circuits 
93. Circuit details are shown in fig. 62. | 


- 9h. Veh provides a safety circuit similar in principle to the-delay valve, 
¥.305, in the power unit. Veh is brought into operation whenever the 
modulator overload relay, A relay, is energised as the result of an overload on 
the -4KV. pack. ‘The full sequence is discussed in Chapter 5, paras. 256 - 257. 


95. The safety valve will also came into operation if a fault in the TR. 3555 
causes the thermal relay to close. The sequence of events is discussed in 


Chapter 5, paras. 285 - 286. 
The Tuning Unit 207 and Indicator 184 Power Supplies 


96. These supplies are discussed in Chapter 4, parase 203 = 207. 


The Mark IITA Receiver Power Pack 
97. This power pack is disoussed in Chapter 6, parase 417 - 418. 


The TR. 3555 Series Power Pack 


98. ‘he local oscillator power pack is dealt with in Chap.6, perase 389-398 


The TR. 3523 Power Pack | 


99. Full details of this peck are not yet available. 


The Fishpond Power Pack 


400. Details of the Fishpond power pack are given in Chapei0, parase7/11=/12- 


amplifier Unit, A» 3562, Power Pack . 
101. ‘This pack is discussed in Chapter 9, parase 583 - 585. 


* 


Lucero Power Pack 
102. Deteils of the power pack are given in Chapter 14, parade 1298-1301. 
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WeF.Ge Voltage Stabiliser 
103. This stage is discussed in Chapter 4, para.183. 


Receiver-timing Unit Voltage Stabiliser 


104. Details of this stage are discussed in Chapter 7, para. 1487. 


Voltage Control Panels 
Types _in Use in Bamber Canmand 


4105. (a) VeC.P. Type 3 {50/1269} fitted with Ey regulator {50/1 504.) 
b) VoCeP. Type 3 (50/1269) fitted with EB, regulator (50/1 3047). 


The 5U/1304T regulator is a later model than the 50/1304 and differs 
only in being fitted with a 50 ohm trimming resistance. 


106. t= VeCePe Type 5 $2 363) fitted with Ez regulator en 
b) VeCePe Pype 5 (50/363) fitted with B regulator (50/3641). 


The 5U/364T differs fran the earlier 50/364 in having a 50 olm triming 
resistance fitted. The type Ey regulator is the one originally fitted to the 
VeCeP. Type 5. | 


107, V.CeP. Type 5 (50/363) fitted with EV regulator (50/254). 


The EU regulator should be fitted to all V.CeP.'s Type 5 used in He2eS. 
installations. It is a modified type E; and is being used penting full pro- 
duction of the Type Es. 


108. VeC.P. Type 5 (50/363) fitted with Es regulatar (50/2274). 
The Es regulator is to supersede the BU when available. 


The EV and E5 Re tors 
109. The circuit is shown in fige40. 


110. The type EU and E5 regulators are improved versions of the type B3. 
embodying a stabilising clrceuite The E5 employs a visual presetting device 

not incorporated in the EJ. The stabilising effect is obtained by connecting 

é high resistance winding across the alternator field. This winding is ud 
enclosed with the main operating winding and a series winding. ‘The interaction 
of the high resistance shunt winding with the main operating winding prevents 
hunting of the regulator over reasonably wide limits of campressim. ‘the 

low resistance series winding is in series with the pile element. Its 
function is to canpensate for the ampere turns of the shunt winding. | 


1414. Six terminals are provided insteed of the normal four. In the EU . 
this is achieved by adding a terminal hlock on the emd of the regulator. 
In the B5 a new 6Geway terminal strip is used. 


1422 A 100 obm trimming resistance is fitted to facilitate final adjustment 
of the regulator. This permits variations in the output voltage of about 
+ or = 10V. ey 


1%3- These regulators can work as anti-hunting devices only if the feedback 
between the main coil and the shunt stabilising coil is always negative. The 
current flowing through the main coil is fixed in direction by the sense of 

the rectified output fran the AeCe applied to the metal rectifier. The 
direction of the current through the shunt winding is fixed by the polarity 

of the D.C. input to the VCP. If this is changed over the sense of the feed- 
back is reversed fran negative to positive. The result will be persistent 
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oscillation of the carbon pile. The memfacturer's wiring of the VeC.P. 
and regulators is such that Pin 1 should always be camected to the negative 
side and Pin 2 to the positive side of the D.C. supply Pin 1 should be 
connected to the GREEN terminal of the regulator. 


1414. To eliminate difficulty due to positive feedback and resultant carbon 
pile oscillation it is essential that all aircraft, bench and PeE. aot 
installations be kept with Pin 1 negative. 


Voltage Measurements 


415. Measurement of the A.C. voltage output in a way that will give an 
indication of the D.C. output that will be obtained fran the various power 
packs in radar equipments has always been a difficult problem. Thermal 
meters give the RM.S. voltage value regardless of the waveshape, but the 
same ReM.S. value for different waveshapes will not necessarily result in the 
same D.C. output from the same power pack. A further difficulty of thermal 
meters is their tendency to become inaccurate. They becane a reasonably 
safe measuring instrument only if regularly checked against a thermal meter 
which is well taken care of and kept as a substandard meter. 


416. ‘the rectifier type meter will show a reading that depends on the weve- 
shape of the alternator output and the reotifier in the meter, The wave- 
shape of the alternator output will depend on the alternator and the nature 

of the load. A load containing a reactive canponent will result in a differ~ 
ent waveshape than a purely resistive load. Furthermore, the waveshape may 
be modified by the VeCeP. condenser. The D.C. valtage cutput fran power 
packs will only be the same for a given rectifier meter reading on different 
waveshape alternator outputs if the power peck rectifiers are affected in the 
same way as the meter rectifier by the change in waveshape. 


117. The following table has been campiled fram average readings as a 
guide and mist not be assumed to hold invariably for a given combination of 


units and meter. 
alvermator 
R 
U 






80 83.5 
80 v7 


This refers to the AVO Model D, 75V- range x 2. 


Minor Voltage Adjustments 


418 Before making any voltage adjustments, allow time for any moisture 
on the pile to be dried out by leaving the regulator in operation. 


119. After approximately 120 hours use the voltage may rise slightly due 
to pile wear or shrinkage. 





120. For minor voltage adjustments use triomers whenever these are fitted. 
Where no trimmer is fitted the core adjustment mst be used. 


421. If after making trimmer adjustments the regulation is poor, the 
canpression and core adjustment will have to be set up as aitlined below. 


Sett a Regulator (All s Exoept E5) 
122. (a) Cemmect the V.C.P. to its dumy load to avoid damage to 
, equipment. 
A fine 


(b) Set the core adjustment flush with the face plate. 
adjustment is obtained by lining up the punch marks of the 
core and the face plate. 
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Slack off the compression adjustment. 

Connect a voltmeter across the A.C. mitput. With the 
canmpression screw canpletely slackened off the alternator 
field cirouit is brdcene A small A.C. voltage of about 10V. 
will be observed due to the residual magnetism of the field... 


(f) If the canpression adjustment is now advanced, the voltage 
should vary as shown in figelOa. The voltage rises rapidly 
to a peak in the region of 110¥. Further rotation will 
result in a fall to a level where oscillation occurs, then a 
Slow fall to sane minimm. The oscillation will not appear 
when the EU regulator is used due to the negative feedback 
arrangements. The minimum will vary with different settings 
of the core and should be in the region of 75V. Further 
rotation fran the minimum point will result in a fairly rapid 
rise. The campression adjustment should be set on the slowly 
falling side about 5V. from the minimm. If oscillation occurs 
during adjustment it should not be allowed to oontime if damage 
to the carbon discs is to be avoided. 


3) Set the trimmer in a midway positia. 


ee re OSCILLATION 
OF 
PILE 
OPERATING 
POINT 

BOvL —--—— faean —- Hew eee 

75 vL-—--~-— /--------------- 

40 | 
e40( a} - Clockwise Movement of ression tment 


(gz) aa the AeC. voltage and make any required fine adjustment on 
the trimmer or am the core aaiaa tact if no trimmer is fitted. 
If large core adjustments are necessary the position of the 
compression adjustment must be rechecked as outlined above. 


Regulation Check 


123. Switch off the V.C.P. and alternator. Restart and check regulation 
under varying speeds between 3000 and 6000 rep.m. Vary the load by means 
_ of dummy or equipment loads. Voltage variations should not exoeed + or ~ 3V. 


Sett the e Re tor 


124.2 The voltage output of these regulators is adjusted by the trimmer. 
If a correct voltage camot be thus obteined it mist be assumed that the 
regulator is out of adjustment. The following adjustments should be made 


using a visual presetting device. 


125. A epring~loaded movable arm, situated on the flange but insulated 
fran it, makes contact with a flat disc fixed to the omen spring assembly. 
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It is arrenged that the movable arm breaks contact with the disc at the 
point of correct compression. To obtain a visual indication a low voltage 
lamp and leads are used. One lead is connected to the terminal of the 
movable arm on the flange and the other to a convenient point oan the frame. 
If the lamp lights the carbon pile is under-campressed. The locking screw 
should be slackened off and the campression screw turned till the light is 
just extinguished. The campression is then back to the manufacturer's 
setting. The locking screw is then tightened. 


126. Should the regulator still prove unstable it must be returned to the 
MeU. for repair. The core must not be touched. 


127e These regulators are carefully adjusted by the manufacturer and sealed. 
It should be possible to canpensate for all normal wear due to "pile shrinkage" 


by use of the trimmer. 
428 The current through the main operating coil should be about 140 ma. 


V.C.P. Changeover Panel in Lancaster Aircraft 


4129. Several cases of V.C.P. damage have occurred through the use of 
incorrect changeover procedure in the air. The navigator's alternator field 
switch must be in the "OFF" position before moving any of the plugs on the 
panel. If this is not done, it may result in having the field of me alter- 
nator.connected to one V.C.P. and the armature of the seme alternator 
connected to the other V.C.P. ‘There is then no regulation of the alternator 
output. The resulting voltage increase may destroy the rectifier and coils 
in the second V.C.P. ; 


The Alternator Type R 


430. (a) At speeds between 3000 and 6000 rep.m, this alternator, when 
used in cajunction with a V.CeP. Type 3, should give a full 
output of 6.25 amperes at 80V. RMS. to a non-inductive load. 


P The frequency range over these speeds is 1300 - 2000 o/s. 
c) The normal field current should not exceed 2 amperes at 28V. 


Maintenance 


131. (a) At intervals of 120 flying hours the outer bearing caps should be 
removed ami the felt lubrication pads soaked in oil (344/60). 
A little oil showld be applied to the bearing itself. 
(b) ‘The bearing caps are secured by 6 small hexagomal nuts at the 
driving ena ani 3 similar mts at the outer end. 


Alternator Type U 


432. As for the type R, except that a current of 12 amps. can be supplied. 


Modification to V.C.P. Type 5 


1336 When the radar load is removed fran the V.C.P., there is a tendency for 
the AC. voltage to rise. To counteract this the carbon pile goes cut to 


its extreme limits. This may result in damage to the carbon pile. To 
reduce the risk of such damage a 31 obm resistor is fitted in parailel with 


the alternator field. 
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CHAPTER 4 = THE He2.S, TIMERASE CIRCUITS 


Introduction 
13he ‘In Chapter 1 it was pointed out that two displays were used in He2.S. 


propere 


The first one discussed was the height tube display which employs a 


vertical scan ruming from the bottom to the top with a deflection type of 


presentation. 


This display is used for measurement of height ty setting the 


height marker to the beginning of the ground echo, for haning on beacons, and 


for setting-up purposes. 


finding. 


It is also very useful as a monitor tube for fault 


135. It was also pointed out in Chapter 1 that the main display uses a 
P.P.I. presentation to show target indications in the form of a relief map 
where strong returns from rugged coastlines and heavily bduiltq-up areas show 
as bright patches, while water shows up nearly black against the backgraind 
luminosity produced by the general ground returns. ‘the following features 
of this display were pointed cuti:- 


(a) 


(b) 


(c) 
(a) 


(e) 


(f) 


(gz) 


(h) 


In order that the centre of the display may represent the 
point on the earth's surface directly below the aircraft 

for all aircraft heights, the timebase circuit must be 
triggered by the height marker which must have been set to 
the beginning of the ground echo. ‘The scan will then start 
at the tube centre when the ground echo reaches the aircraft. 
The timebase must be synchronised with the transmitter and 
therefore gives one sweep for every transmission, i+e. 670 
sweeps per second or sweeps at, 1500 microsecond intervals. 
the timebase muat be non-linear in order to obtain a 
distortion-free display, i.e. a display in which target 
indications esppear at distances from the centre which are 
proportional to their ground range. 

In order that this freedan fran distortion may be obtained 
at all aircraft heights it is necessary to make a correction 
for height. This is done by means of a distortion corrector 
control on the indicator panel. 

Phe radial timebase sweeps move around the face of the tube 
in synchronism with the rotation of the soanner. If the 
scanner rotates at 1 rep.s. the timebase makes 670 redial 
sweeps per revolution. These sweeps must then occur at 
intervals of 25 or slightly more than + degree. For 


faster scanner speeds the interval will be greater which may 
tend to give the display a pleated effeot. 

A scan-marker switch on the switch wit can be set to give 
three different velocity scans end, henoe, different ground 
range coveragese Te available ground range coverages are | 
approximately 10, 20 and 40 atatute miles. 

By setting switches on the indicator ami heading control 
unit to "Course" and using a-setting knob, the brightened~up 
timebase sweeps occurring at the instant the scammer goes 
through the dead-ahead position can be made to appear at any 
bearing on the display. By setting the bearing ring to the 
aircraft ocauree and adjusting the setting knob until the 
brightened-up timebase sweeps (or heading marker) coincide 
with the bearing pointer, it is arranged that the bearing 
along which eny sweep takes place is the pearing of the 
direction in which the scamer is then looking, referred to 
the top of the display as North. Target indications will 
then appear at the correct bearing on the display and the 
He2-S. map is correctly set. " 

If the heading control unit switch is set to "Anto" the DeR- 
canpass is linked into the installation to keep the map 
correctly set as the aircraft alters coursce . 
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Outline of the Timebase Circuits 


136. (a) FPige 42 gives the major sub=-sections in the development 
of the timebases in block schematic form. 

+e} Pigs. 41 and 46 give the major circuit details. 

c) Figs. 43, 49, 50 and 54 display the primary waveforms. 

5 Figs 44 shows the principle af the magslip. 

e) Pig. 45 shows the type of non-linear timebase velocities 
used for the P.P.I. timebase. 


The Master Multivibrator 


137  V500 and ¥501 in the waveform generator form a cathode-coupled master 
multivibrator free-running at approximately 670 o/s. When the scan-marker 
switch on the switch unit is operated one of the results is a switching of - 
circuit components in this stage. When this switch is set far scans of 10, 
20 and 4.0 miles, respectively, the multivibrator delivers a square wave at the 
anode of V501 with proportions as follows:~ 


Posi tive 


10 mile 24,0 1250 1500 xis 
20 mile 720 yan 78 p* 1500 
40 mile 1200 As 300 Ais 1500/8 


An antiphase square wave appears at the anode of V500. 


The switching Valve, ¥502 


138. The master square wave fran ¥501 anode is applied to V502 diode anodes 
and serves te cut the triode section of V502 om and off. During the negative 
part of the master square wave input the triode conducts ami the anode af y502 
tends to fall exponentially. During the positive part af the master square 

wave the triode part of V502 is cut-off and the anode tends to rise exponentially. 


Te Lineariser, ¥503 


439. If V503 is removed a large amplitude expomential rise and fall can be 
ébserved at V502 anode but when V503 is inserted only a anall waveform is 


observed. 






14,0. Outputs from V502 anode are applied to both grid ami cathode of V503. 
The cathode input serves as a form of negative feedback. Additional negative 
feedback is applied to the grid of V503 fran ita anode. These negative feed- 
back arrangements are employed to produce a linear sawtooth at V505 anode. 


The Bass Boost Vaive, VYook 


thie The output inpedance of V503 is so high that the sawtooth carmot be 
applied to a low inpedence cable fram V503 anodes V5Q\ is used as a negative 
feedback amplifier to provide a low inpedance output that can be matched to a 
low impedance cable. To) allow for the fact that low frequency losses are 
experienced in subsequent stages a discriminating negative feedback is 
employed. This is achieved by feeding back fran anode to grid through two 
20015 condensers in parallel. The sawtooth with a recurrence frequency of 
670 o/a. oan be regarded as being synthesised from a 670 c/s. sinewave with 
harmonics of suitable amplitudes and phases. A capacity of .003 microfarads 
will offer low impedance to the high frequency cayponents but high impedance 
to the low frequency camponents. The impedance at 1000 o/s. is greater than 
50K. Hence, the negative feedback in the low frequency range of the sawtooth 
camponents ia less than at the higher frequencies. V504 will therefore tend 
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to give greater amplification to the low-frequency camponents than to the 
high frequency components. The subsequent low frequency losses are thus 
provided for before they cocur. The stage canprising V5Oh and the trans- 
former T501 therefore performs two functions:- 


(a) anticipates low frequency losses by providing excess low 
frequency amplification ar “bass boast”. 

(b) Serves as an impedance transformer by means af which 
@ push-pull sawtooth of about 50 volts amplitude from 
a centre-tapped secondary can be applied to a low 
impedance (20 ofm) cable far transfer to the magslip in 
the scanner. 


Synchronisation 


142-2 The transformer T501 also provides another sawtooth output, which swings 
between about -150 v. and earth, from another secondary winding earthed at the 
high end. This output is used to develop a bright-up square wave and the — 
transmitter=timing pulse. The locking of the bright-up waveform and signals 
to the timebase is accomplished by using the master miitivibrator to develop 
both the sawtooth which produces the timebase, and also the sawtooth which is 
uged in the development of the bright-up and transmitter-tining waveforms. 

The transmitter-timing pulse is also used to develop the wavyerorm which is 
used to trigger the height and range markers so these also are locked to the 


timebase. 


The Height Tube Timebase 


14%» The timebase sawtooth output fran T501 divides at the waveform generator 
panels One output is taken fran a two~pin plug to the Indicator 184 where it 
ia applied to the primary of a sawtooth transformers ‘This transformer amplifies 
the sawtooth about six times to give approximately 300 volts push-pull across 

the Y-plates of the height tube for the linear height tube time-base. 


 44je As the tranmmitter fires at approximately the centre of the sawtooth 
the first half of the height tube scan is of no particular interest. A 
vertical shift control is provided by means of which the useful part of the 
scan can be made to camence near the bottam of the height tube. AS was 
pointed out earlier, the I.P. emplifier is suppressed for 4 20 microsecond 
period, terminating approximatelyat the eni of the main transmitter pulse. 
This 20 microsecond quiescent period shows a5 & noise-free break on the height 
tube display. The positiom on the scan of this suppressim break can be 
varied over a limited range by means of a screwdriver preset on the front of 
the receiver-timing unit. If thia suppression control is correctly adjusted 
the height tube display will show just the "tail" of the trensmitter pulse as 
a small blip to the right at the end of the suppression break. This "tail" 
indicates the approximate position of the time zero on the sawtooth, lee. when 
the transmitter fires. When the height tube vertical shift control is ad- 
justed to bring the suppressior hreak as nearly as possible to the bottan of 
the tube the maximum useful re - coverage will be provided. The approximate 
coverages available for the different settings of the scan-marker switch are 


as follows:~ 


Duration af Sawtooth 


220 microsecands 
720 " 

720 

720 


" 

" 

1200 " 
4200 " 
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4,5. When the scan-marker switch is in the 400/40-80 position the trans- 
mitter fires approximately 500 microseconds ahead of the centre of the saw- 
toothe The suppression break will then be off the tube and the first signals 
that can be displayed will be fram about 40 miles away. This position of the 
scansmarker switch is used when Lucero is being used with haming beacons. 


The sli 


46. A second sawtooth output in parallel with that taken to the indicator - 
for the height tube is teken to the scamner via Pins 2 and 6 on the 6A plug. 
This sawtooth is applied to the rotor of a magsiip or rotary transformer. | 
The slip has two stators in which the rotor ‘induces sawtooth voltages which 
are 90° out of phase and whose amplitudes are always such that the resultant 

of these two components, when they are added vectorlally, will be a sawtooth 

of the same amplitude as that applied to the rotor. When the rotor is making 
full. coupling with Stator 1 it makes zero coupling with the Stator 2. The 
output fran Stator 1 is then equal to the input voltage aml the output from 
Stator 2 is zeroe If the magslip rotor now turns through 90° the output from 
Stator 1 drops to zero while that fron Stator 2 rises to a maximm equal to 

the input voltages During the next quarter turn the output from Stator 2 

drops to zero while that from Stator 1 rises fran zero to a maximm in the sense 
opposite to that at the cammencement of the turn.. During the third quarter 
turn the output from Stator 1 falls to zero while that of Stator 2 builds up 
fron zero to a maximum in the reverse sense to that which it had at the end of 
the first quarter turn. During the final quarter turn the output fram Stator 2 
falls to zero again while that of Stator 1 builds up from zero to a maximm in 
the same sense as when the turn commenced. The magslip rotor is geared to the 
scarmer shaft and rotates in synchronism with the scammer at all times. Hence, 
as the scanner turns, the magslip stators are developing sawtooth outputs which 


fulfil the following conditims:- 


(a) Bach goes through the following cycle for one turn of the rotor: 
(4) Zero to maximm in oe direction. 


(ii) Maximum to zero. 
(iii) Zero to maximm in reverse direction. 
(iv) Maximum to zero. 


c) The maximm amplitudes are equal to the rotor input voltage. 
a) The vector sum of the outputs is always equal to the rotor 


input voltage. 


14,7. The sawtooth outputs fran the magslip stators are taken from the scammer 
direct to the Indicator 184 if Fishpond is not used, and to the Junction Box 
Type 222 if Fishpond is included in the installation. In the latter case 
parallel outputs are taken from the Junction Box Type 222 to the Fishpond 
Indicator and the He2eS. indicator. It is the use of this sawtooth output 

to develop the timebases for both the He2eS- PePele Gisplay and the Fishpond 
PePale display that serves to synchronise these displays. 


3 The two outputs are always 90° out of phase. 


Timebase Wor: Strokes 


448. In para.137 the durations of the positive ami negative~going phases of 
the master square wave were listed. in parae138 it was noted that the master 
square wave was used to cut ¥502 triode on and off to produce a falling ex- 
ponential at V502 anode during the negative phase of the master square wave 

ani a rising exponential during the positive phase. In parae140 it was pointed 
ot that ¥503 served to linearise these exponentials and develop the actual 
sawtooth. The working stroke of the sewtooth, ise. the part used for the 
development of timebases, is the part corresponfing to the negative part of 

the master square wave. The stroke occurring during the positive part of the 
master square wave produces the flyback in all the timebases. From the data in 
parae138 it follows then that the available working strobe durations are 21,0, 
720 and 1200 microseconds. Tne reason for these time values arises out of 

the design of the indicators used in earlier Marks of He2.S. In these earlier 
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indicators 10, 30 and 50 mile linear scans were used which carried the cathode 
ray tube electron beam across a tube diameter on the working stroke of the. 
sawtooth. ‘The first half of this stroke was blacked out to leave only the 
second half of the sweep effective, i.e. an effective radial timebase was 
employed. The echo times for 10, 30 and 50 miles would be 107, 321 and 535 
miorosecands respectively. It is apparent then that working strokes of 240, 
720 and 1200 microseconds duration would be, when halved, of ample duration 
to carry the spot fran centre to cirmmference in these echo times without 
employing the peaks of the sawtooth voltages which tend to be rounded off. 


Shaping of the P.P.I. Timebase 


4h9. ‘The varying amplitude linear sawtooth voltages from the magalip atators 
are used to develop the non-linear radial scans used on the He2.Se P.P. I. The 
40, 20 and 40 mile sacans are developed from the 240, 720 and 1200 microseconds 
working strokes, recpectively. Before proceeding to study how these linear 
sawtooth voltages are used to develop non-linear timebase voltages it may be 
profitable to consider what type of waveform is required. We know that the 
seans are to meet the following conditians:- | 


(a) Commence when the height marker forms which involves sane 
fom of triggering by the height marker. 
(b) Have such velocities that target indications will appear 
at distances from the centre proportional to their ground . 
range for all aircraft heights. _ 
(c) Provide ground range coverage of approximately 10, 20 and 
4,0 statute miles. 


Suppose we consider an aircraft at a height of 4 miles using an indicator 

that provides the desired type of scans on a tube of 24" radius. Curves 1, 

2 and 3 in Pig.45 show the type of velocity curves that would be required. 

The data used for constructing these curves is shown jn the accanpanying 

table. Column 1 lista target ground ranges fran 0 - 40 miles; colwnns 

2, 3, and & list the distance from the centre eat which indications fran 

targets at these ranges should appear to make distance fran centre propar~ 
tional to ground range. Column 5 gives the slant range corresponding to a 
height of 4 miles end the ground renge in column 1 Since the speed of radio 
waves is 10¢7 microseconds per mile return we can determine the corresponding 
echo times by multiplying the slant renge by 10.7. ‘These echo times, re=- 
presenting the time interval between the instant the transmitter fires and 

the instant the echo returns to the aircraft, are shown in column 6. Since 
the electron beam must not leave the tube centre until the height marker forms, 
dee@e when the ground echo returns, the time of travel of the cathode ray tube 
spot is found by deducting from the echo time the echo time for the graux 
echo. For a height of 4 miles the echo time for the grouml echo is 4& x 100/ = 
4208 microseconds. Deducting this value from each figure in column 6 we 
obtain the figures in column 7. If we now plot the values in columns ¢, 5 

and 4 as ordinates, against those in colum 7 as abscissae, we obtain curves 

4; 2 and 3. ‘These curves show how the cathode ray tube spot must move on 

each of the three scans, to be at such a distance fram the centre when any 

echo arrives to brighten up the sweep, that the indication is at the desired 
distance fran the centre. The steepness of the curves at the beginning of 

the sweep indicate that the spot must move very rapidly at first. The spot 
then gradwlly slows down to a nearly constant speed since the curves become 
nearly straight lines, indicating an almost constant velocity. The develop- 
ment of waveforms of this shape is achieved by emplifying the linear sawtooth 
outputs from the magslip stators by means of transformers, then differentiating 
these amplified sawtooth waveforms to produce square waves which are applied 

to two charging C-R. canbinations. The timebase developnents are indicated in 
the block schematic, Fige 42. The actuel campments can be seen in the circuit 
diagram Fige46. ‘The differentiation of the sawtooth fran the seconiary is 
done by Ch, Ry, and C3, R3 performs the same function for the sawtooth on the 
secondary of T3. The square wave appearing at the top of Ry serves as a 
charging voltage for the network formed by C10, C12, C13, VR4, VR5D, Rie 
Similerly, the square wave appearing at the top of R3 serves as e charging 
voltage for the network formed by C17, C18, C19, vRG, VR7, R3- 
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Differentiation of a Sawtooth 


150. The development of a square wave by differentiation of a sawtooth may 
seem puzzling to the Rader Mechanic who is accustaned to the differentiation 
of rectangular waveforms to produce pipse The subject may perhaps be most 
simply approached by recalling the nature of both square and sawtooth weveforms. 
iny such waveform may be synthesised from a fundamental sinewave of frequency 
equal to the perefe. of the waveform, plus harmmics of this fundamental sine- | 
wave of correct amplitudes end relative phases. The steeper the edges of a 
waveform, the greater the proportion of high frequency canponentse A square 
wave, therefore, has ea higher proportion of high frequency canpanents than a 
sawtooth of the same peref'e When any waveform is applied to a differentiating 
circuit consisting of a amall condenser and large resistor, the resistor offers 
equal impedence to ell frequencies but the condenser offers an impedance which 
decreases as frequency rises. The voltage developed across the resistor will 
then be a higher proportion of the applied voltage for the high frequencies 
than for the low frequencies. The voltage appearing across the resistor (and 
anything else in series with it) will thus tend to be squared (fig.48). ‘The 
amplitude will be reduced, due to the loss of the greater amplitude low 
frequency camponents across the small condenser. we thus obtain fran the 
sawtooth input to C3 a squared wave whose voltage appears across R3 and the 
CeRe network in series with it. The same result is produced across Ri and 
its series CeR.e network by the sawtooth applied to Ck. 


Action of the Distortion Corrector Control 





151. Curve 4& has been included to show how a change in aircraft height 
influences the shupe of the timebase waveform that is required to maintain a 
display with constant ground range coverage, ie@.e which keeps the target 
indicetions of a given ground range at the same distance fran the tube centre 
as slant range changes. Column 8 tabulates slant ranges for an aircraft 
height of 3 miles and column 9 tabulates the ‘corresponding echo times. For 
a height of 3 miles the ground echo time is 3 x 1007 or 3201 microseconds. 

The times of travel for the cathode ray tube spot are found by deducting 3261 
microseconds fran the echo times. These values are shown in column 10. 
Plotting the values in column 2 against those in column 10, gives curve 4. 

Tt can be seen fran the curve and fran the figures in column 10, that the | 
spot has longer time intervals in which to travel the same distance than when 
the height is 4 miles. Hence, as the aircraft height decreases the velocity 
mist be decreased. These changes are achieved by varying the setting of the 
potentianeters in the two charging C.R's by means of the distortion corrector 
control. The pointer of this control tracks across a scale which is cali- 
brated in intervals of 5,000 feet of height. then set to the aircraft height 
the potentiometers in the charging C.R's are set to the value which will give 
a charging waveform of the required shape. The potentianeters VR4, VR5, 

VR6, VR7 are ganged and move together when the distortion corrector control is 


operated. 


Devel oping the P.P.I. Timebase 


152. The method of employing the charging curves developed when the square 
waves obtained by differentiating the linear sawtooth waveforms are used as 
charging voltages on our two charging CeR- networks, is implied in the block 
schematic. The details are shown in the circuit diagram Fig.46 and waveforms 
in Figs. 50 and 5k. The charging waveforms, correctly shaped by the design 
of the charging C.eR. network, are applied to the grids of V6 and V8. V6 and V7 
form a cathode-coupled paraphase amplifier which develops amplified antiphase 
versions of the charging waveform applied to V6 grid, at the anodes of V6 and V7. 
These antiphase outputs provide the push-pull timebuse waveform applied to the 
X=plates of the P.P.I. VR8 controls the gain of this stage so serves as an 
X-amplitude controle V8 and V9 form a similar paraphase amplifier which feeds 
antiphase waveforms of the requisite shape to the Y~plates end VR11 serves as 
a Y-amplitude control. 


153. Since the outputs of the magslip stators are always 90° out of phase 

the charging square weves obtxined by differentiating the sawtooth wave forms 
are likewise 90° ait of phase. Hence the charging wavefomms on the grids of 
V6 and V8 are 90° out of phase. This means that the push~pull voltage applied 
across the X-plates is always 90° out of phase with the voltage simultaneously 
appearing across the Y-plates. Suppose that at sane instant the magsiip rotor 
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makes full coupling with the stator that feeds T4. It will then be making 
zero coupling with the stator that feeds 3, Hence we have the maximun 
-anplitude sawtooth on Ty primary, end hence the maximum charging square wave 
applied to the charging CeRe at V6 grid. We will then have maximm amplitude 
antiphase waveforms at the anodes of V6 and V7. Since the rotor is now making 
gero coupling with the stator that feeds 73 the sawtooth applied to T3 primary 
has zero amplitude. Hence there is no charging square wave to operate on the 
charging C.R- at V8 grid ani no output fran the anodes of V8 and VW. The 
cathode ray spot is then subject only to a timebase voltage across the X~-plates. 
Let us assume that the sense of this deflection is such as to cause a horizontal 
sweep from the centre to the right. During the next quarter turn of the mag-~ 
glip rotor the sawtooth input to T& drops to zero while the input to T) rises 
to a maximume We will now only have a charging square wave on v8 grid and a 
deflecting voltage only across the Y-plates. This will be of such a sense as 
to carry the spot fran the tube centre downward. A quarter turn later there 
will be zero amplitude charging square wave for V8 and a maximum ampli tude 
square wave for V6 but in the reverse sense. The spot will therefore travel 
horizontally fran the centre to the left. At the end of another quarter 

turn it will be travelling vertically upward fram the centre. When the mnagslip 
stator is making a partial coupling with both stators there will be charging 
square waves for both charging C-R's. These will be 90° out of phase since 
the sawtooth voltages fran which they are produced are 90° out of phase. The 
anplitudes cf these square waves are such as to produce charging waveforms on 
the grids of V6 and V6 whose vector sum is equal to the maximum ampli tude 
appearing at either grid. The vector aum of the outputs fran both paraphase 
amplifiers will therefore always be equal to the maximum amplitude applied | 
across either set of plates. Hence, the amplitude of the radial scan should 
remain constant as the scanner and magslip turn and cause constantly varying 
amplitudee across the X and ¥ plates whose vector sum gives a resultant scan 
that rotates in synchroniam with the scanner. This is not quite true because 
the X and Y¥ plates have different sensitivities. : 


Development of the Different Scans 

145he The next point to consider is how altering the setting of the scan-marker 
switch, and hence the proportions af the master square wave and sawtcvoth output 
fron the magslip stators, serves to develop aifferent velocity timebases on the 
P.P.I. To deal with this question we must first consider what determines the 
rate at which the grids of V6 and V8 rise or fall when a charging square wave 
acts on the charging C.R's. As in a simple CeR., the charging rate depends on 
the charging voltage. Hence the greater the cherging voltage provided by the 
charging square wave at the instant the height marker forms, the greater will 
be the rate at which the grid potential changes due to the charging of the CR. 
tf the square waves resulting fron sawtooth differentiation are examined at 

the junction of C3, R3 or Ch, Ry for any position of the scammer it will be 
observed that the square wave amplitude developed by the 240 microsecond saw- 
tooth is greatest, that developed by the 4200 microsecond sawtooth comes next amd 
that fran the 720 microsecond sawtooth is smallest. On the face of things this 
seems rather contradictory to what we might intuitively have expected. We 
must remember that as the scan-marker switch setting is varied to produce 
different scans, relays in the waveform generator switch circuit components in 
the master maltivibrator and switching vaive stages. The effect of these 
changes gives us sawtooth wavefoms with different working strokes but constant 
peref's and nearly comstant amplitudes. We may, therefore, regard our saw~ 
tooth waveforms as being made up by the synthesis of the same fundamental 670 
o/s. sinewave and its harmonics. The differences consist in different 
amplitude and phase relations between these harmonics. It was pointed out 
earlier that the steeper the edges of a wavefora the greater the proportion 

of high frequency components present. The 240 microsecond sawtooth has a 
working stroke of 240 microseconds and the 1200 microsecond sawtooth has a 
flyback of 300 microseconds. nese waveforms have, therefore, a higher pro- 
portion of high frequency caupoments than the 720 microsecond sawtooth which 
has a 720 microsecond working stroke and 780 microsecond flyback. Since the 
condensers C3 ani‘'Ch cause low frequency losses, the 720 microsecond waveform 
is affected more than the other two as it has the greatest proportion of low 
frequency camponents. Hence, we get the maximum amplitude square wave from 
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the 240 microsecond sawtooth which has the lowest proportion of low frequency 
components and the next greatest amplitude fran the 1200 microsecond sawtooth 
with the 300 microsecond flyback, since it has the next lowest proportion of 


low frequency canmponents. 


455. We have accounted for the unexpected relationship between the amplitudes 
of the charging square waves, but we must still account for the fact that the 
smaller square wave fran the 720 microsecond sawtooth provides a greater 
charging voltage and develops a higher velocity scan than the greater amplitude 
square wave fran the 1200 microsecond sawtooth. The Radar Mechanic knows 
that when a waveform is passed through a condenser it centres itself about the 
DeCe level to which the condenser leak is returned. For 03 and Ch the leaks, 
R3 and Ry, are effectively returned through the clamping diodes to about -100V. 
The square waves will then be centred about this level, isc. the part of the 
waveform area above this level must be equal to the portion below it. For 
the narrow charging square wave developed fran the 240 microsecond sawtooth 
the major part of the square wave amplitude will be above the -100ve level so 
we have a high effective charging voltage, since the charging voltage is fixed 
by the potential difference between the mean and peak levels. The mean level 
of the square wave from the 1200 microsecond sawtooth will be well up on the 
waveform because the charging square wave has a width of about U/5 of the 
waveform. Henoe, the actual charging voltage is relatively low, although the 
square wave amplitude is great. The square wave developed from the 720 micro- 
second sawtooth is roughly symmetric hence its mean level is near the centre 
and the charging voltage is roughly equal to half the amplitude. This pro- 
vides a camsiderably greater charging voltage than that furnished by the 1200 


microsecom sawtooth. 


156 When the scan-marker switch is set to the different scan positions we 
then apply such charging voltages to the charging networks that our 240 micro- 
second sawtooth develops a non-linear scan whose velocity is such as to give 
approximately 10 miles ground range coverage, the 720 microsecond sawtooth 
develops a 20 mile coverage, and 1200 microsecond sawtooth develops a 40 mile 


coverage. 


The Diode Clamping circuit 


457. The next problem we must cansider is how it is arranged that the 

height marker should start the radial sweep of the timebase fran the tube 
centre. This is accanplished by means of the phantastron stage, V2, and the. 
diode clamping circuits of V3, Vy amd V5e The cammon point of the secondaries 
of T3 and Ty and the cammon point of the diodes Via and V3b are tied to a point 
which is held at about ~100 volts by means of a bleeder network between ~300 
volts and earth amd decoupled by C11 + C14 The components in this bleeder 
are R28 ani VR9, VRIO and R25. ‘The anodes of the diodes V3a, Via and V5a 

are strapped, as are the cathodes of Vb, Vab and Y5be ‘The controls, VRe and 
VR3, can be used to adjust these strapped lines to approximately =100 volts. 
Since the grid of V8 is tied to the common point of Via and Vib, and the grid 
of V6 is tied to the cammon point of V5a ani V5b, these grids cannot shift 
from the ~100 volt level as diode conduction will occur in one diode section 
if the grids try to rise, and in the other section if the grids try to fall. 
Hence the charging square waves applied to the C.R's on the grids of V6 and V8 
will not cause any movement of these grids while the diodes are able to cam 
duct. We say, therefore, that the diodes are clemping the grids. ; 


The Phantastron 


158  Y2 is a phantastron stage. A phantastron is essentially a one-valve 
flip-flop which develops antiphase square waves at the screen amd cathode. 

In its stable state the cathode current raises the cathode potential sufficient- 
ly high to cut off the anode current by means of suppressor bias since the sup- 
pressor is returned to earth through the transformer, Te. All the cathode 
current is then passing to the screen which is at its minimm potential to 

the cathode is at its maximm potential. The diode Vi limits the potential 

to which the anode can rise to the value at the junction of R64 ana R65- 

When V2 is in this stable state, the strapped diodes anodes ard cathodes . 
shoulda both be at about -100 volts. If the height marker (amplified by T2 to 
about 20 volts) is now applied to the suppressor, it over=rides the suppressor 


bias sufficiently to cause a sharp flow of current to the anode. The screen 
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potential then rises sharply ani carries up the strapped diode cathodes. 
At the same time the fall at the anode is transmitted via C.5 to the 
grid and the cathode current diminishes. The cathode potential now falls 
sufficiently to remove the suppressor bias after the height marker ends. This 
fall at the cathode, which is coincident with the rise at the screen, 
pulls down the strapped diode cathodes. The six diode sections are thus cut 
off simultaneously when the height marker forms. Since. the grids of V6 and 
-¥8 are now unclamped, the charging square waves are now able to act on the 
charging C.R's and develop waveforms on the grids af V6 and V8 of the required 
non-linear types These, as discusaed previously, are smplidied by the para- 
phase amplifiers to develop the push-pull voltages applied to the deflecting 
plates which produce the radial timebase sweepse ‘The redial timebase therefore 
commences its sweep when the height marker forms. if the height marker has " 
previously been set to the begining of the ground echo the sweep begins when 
the ground echo reaches the aircraft The centre of the display now represents 
the point on the earth's surface directly beneath the aircraft. 


159. The height marker which is used totrigger the phantastron is developed 
in the receiver-timing unit. It is brought out fron the receiver-tining unit 
at the white Pye plug. If Lucero is not included in the H2.S- installation 
e Pye cable takes the height marker directly fran the white Pye plug on the 
receiver~timing unit to the yellow Pye plug at the indicators If Iucero is 
used one cable goes from the white Pye plug @ the receiver-timing unit to the 
white Pye plug on Lucero. A second cable fran the yellow Pye plug on Lucero 
to the yellow Pye plug on the indicator then campletes the channel. 


160. ‘The grid of V2 is returned through R5 + R6 to the junction of R64 + R65. 
When V2 is in its stable state the grid will rise until ita potential is just 
above that of the cathode. Grid current will then flow until the voltage 
drop developed across R5 + R6 holds the grid just slightly above the cathode. 
When the arrival of the height marker on V2 suppressor switches part af the 
screen current to the anode, the fall at the anode carries the grid down until 
an equilibrium point is reached where a further fall at the grid results ina 
reduction of anode current which tends to make the anode rise. The reason 
why the grid can fall considerably and the anode current increase simultaneously, 
is the fact that the reduction of the cathode current by a falling grid potential 
drops the cathode potential and so removes the suppressor bias. This causes 
the anode current to increase at the expense of the soreen current. Hence, 
although the cathode current has dropped the anode ourrent has inoreasede 
When the equilibrium point is reached, electrons leak away fran the lower plate 
of C5 through R5 + R6 thus causing the grid potential to risee The cathode 
- qgarrent therefore rises and the cathode follows up with the grid. The anode 
current then tends to rise and cause a further flow of electrms to the top 
plate of C5. Since this flow is slower than the leak-away from the lower 
plate of C5 the grid and cathode potentials rise slowly in accordance with the 
net rate of discharge of C5 through R5 + R6. The anode meanmwmhile contimes to 
fall because of the slow rise in anode current as the grid potential rises. 


164. ‘This stage contimes until the cathode potential has risen sufficiently 
to again bring suppressor bias into operation and cause & reduction of anode 
currente This reductim causes the anode to rise end carry the grid and 
cathode up together to increase the suppressor bias still further. ‘The cycle 
is cumlative so the anode current is quickly cut off by suppressor bias; the 
cathode and grid rise to their stable state levels, and the screen falls to 
its stable state level. The diodes are now again conducting so the grids 

of V6 and V6 are quickly returned to their clamped level. The paraphase 
emplifiers are now passing & steady current since the grida are stationary, 
and the anode potentials are therefore stationary. Since the anodes of the 
peraphase amplifiers are directly coupled to the P.P.I. deflecting plates the 
cathode ray tube spot will return to a position determined by the static poten- 
tials at the amplifier anodes. By suitably adjusting the grid potentials of 
V7 and V9 by means of the controls VR9 and VR10, these anode potentials can. 
be adjusted to centre the spot, iste to have the redial scans start at the 
tube centre. VR9 is therefore the X-shift and VRiO the Y-shift. 
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462. The grids of V6 and V8 are unclemped for the period that V2 passes 
anode aurrent, iee. until the leak-away at Ve grid has increased the cathode 
current sufficiently to bring suppressor bias into operation againe This 
period is determined by the C.R. of C5 R5 and lasts about 1000 microsecands, 
allowing ample time for the completion of even the slowest scan. Since the 
height marker peref. is the same as that of the master maltivibrator it occurs 
at 1500 microsecond intervals. As the grids of V6 and V8 are unclamped for 
4000 microseconds they must be clamped for a 500 microsecond period before 

the height marker forms. 


Effects of VR2 and VR3 


163. So far the only mention made of the controls VR2 and VR} has been to 
state that they can be used to set the D.C. levels at which the strapped __ 
diode anode and cathode lines sit to about -100 volts. From Fige46 it can 
be seen that we have a bleeder network between +300 volts and -300 volts 
formed by VR15, R8, B9, R16, R17, VR3- Altering VR3 will then vary the total 
resistance in the bleeder and hence the bleeder current. This change in 
bleeder current will cause a variation in the D.C. potential at the junction 
of RO and R16, ise. the potential to which the strapped diode cathodes are 
tied. At the same time there will be a variation in the D.C. potential 
applied to V2 screene VR2 appears in a bleeder network between =300v. and 
earth, made up of R12, R27, Rik, R15, VR2, R10, R13. Altering VR2 alters the 
equivalent resistance and hence the bleeder current. Hence, by varying VR2 
the DeC. potential to which the strapped diode anodes are returned can be 
varied. Simultaneously the D.C. potential to which V2 cathode is returned 
will be altered. . Hence VR2 ani VR3 appear to do two things simultaneausly:~ 


te Vary the operating conditions of the phantastron, V2. 
b) Vary the potentials to which the strapped diode anode and 
cathode lines are returned. 


Action of V3 


4646 Let us suppose that the common point of V3a and V3b is returned to 
approximately -100v. and the DeC. potential of the strapped cathodes is more 
negative than this value. V3b will then pass ourrent until the diode current 
flowing through the bleeder network raises the potential at the junction of 

R9 and R17 to just below -100v.. Similarly, if the potential to which the 
strapped diode anodes are returned is positive to -100v. Via will pass current 
through the other bleeder until the potential at the junction of R11 and Rt 
is just above ~i00v. Hence V3b will pull the diode cathode line to approxi- 
mately «{00v. provided the DeC. potential to which this line is tied is not 
too far negative to this:value. Similarly, V3e will pull the diode anode 
line to approximately -100v. provided the D.C. potential to which this line 

4s returned is not too positive to this value. It follows then that VRJ can 
have a limited range of settings that return the diode cathode line to a value 
negative to the decoupled potential at the common point of V3Za and V3b without | 
appreciably altering the DC. level at the junction of RO and Ri6. Similarly, 
VR2 can have a limited range of settings that returm the diode anode line to 

a value positive to the decoupled potential at the common point of V3e and 

V3b without materially altering the DeC. level at the junction of Ri1 and Rik. 
Hence, as long as VR2 ani VR3 are within these limits the atrapped diode anode 
and diode cathode lines will be very nearly at the same potential as the de- 
coupled potential at the junction of V3e and Vibe Since the sections of Vi. 
and V5 are in parallel with those of V3 and have essentially the seme impedance, 
they will pass the same currents. The DeC- potential at the common point of 
Vue and Vib and the common point of V5a and Vib, will then be essentially the 
seme as the decoupled potential at the junction of Via and Vib while the 
settings of VR2 and VR3 are within this range. Since the grids of V6 and V8 
are respectively tied to the oommm points of Via, V5b and Vika, Vib, these 
grids will then also be at the decoupled potential of the junction of V3a, Vib. 
V3 thus serves to fix the clamped levels of V6 and V8 grids to a steaay value 


for a limited range of settings of VR2 and VR5- Obviously V3 cannot perform 
turn the strapped diode cathodes to 


these furctions if is so set as to re 
a potential positive to that at the junction of Vja, Vob or VR2 is so set as 


to return the strapped diode anodes to a potential negative to that at the 
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Phantastron Stability 


165. It would appear, then, that as long as the settings of VR2 and VR3 
remained within the limits discussed, these controls would influence neither 
the potentials of the strapped diode lines nor the operating conditions of 

the phantastron. This is not, however, quite the case. Although V3 tends to 
return the junctions of R9, Ri6 and R11, RIL to a cmstant value by auper- 
imposing a suitable diode current on top af the bleeder currents, the bleeder 
currents are still different. Hence, altering VR3 alters the bleeder current 
through R9 and hence the potential of V2 screen. Similarly, -altering VR2 
alters the bleeder current through R27 and hence V2 cathcde potential. These 
controls can, therefore, influence V2 operating conditions without altering 
the potentials to which V6 and V8 grids are clemped. R15 provides an 
additional means of altering the operating point of V2 screen. For V2 to 
operate reliably the following conditions should be fulfilled:- 


(a) In the stable state the cathode, anode and screen 
potentials should be such that the suppressor bias 
is able to cut off anode current campletely. If 
this condition is not fulfidled changes in supply 
ages and pic ares May cause increased 


anode cuzrent which will cause the grid to fall and 
initiate spurious triggering. 


(b) When triggered, the reduction in cathole current due 
to grid fall must drop the cathode potential sufficient- 
ly to remove the suppressor bias by the time the trigger 

‘ wavefom is terminated. 


Since both these conditions are contingent on suitable operating potentials 
for the screen and cathode, the permissible settings of VR2, VR3, and VRI5 
for phantastron stability must be such as to fulfil these conditions in 
addition to those which enable V3 to fulfil its functions. 


166. V2 will be giving stable phantastron operation if the screen waveform 
shows a steady constant amplitude square wave with a per.f. of 670 c/s. and 
positive and negative portions of approximtely 1000 and 500 microseconds 
duration respectively. This a wave must move al the height tube 
trace as the height comtral is operated and mst disappear if the height 
Rarcker grvering is removed fran \ suppressor by cisconrecting me yel.ior 


Pye lead at the indicator. | 
Phantastron Square Wave Amplitude and "Squaring* Effects 


167.  VR2 and VR3 have a further effect which we have not so far considered. 
We have pointed out that V2 develops at its screen a square wave with a 
positive portion of 1000 microseconds and negative portion of 500 microseconds, 
and an antiphase waveform at the cathode. We have pointed out that these 
waveforms are used to unclamp the grids of V6 and V8 for 1000 microseconds 
after the height marker forms, and to clamp them for the 500 microsecond 
period before the next height marker formse Obviously, the amplitudes of 
these waveforms must be in excess of the maximun swings occurring at the 
grids of V6 and V8 in the scamming periods. If the amplitudes fall below 
this value either section of V4 or V5 may be opened before the campletion of 
the scan. ‘This will happen if, say, V5a cathode swings negative with V6 
grid until the cathode potential has fallen more than the drop impressed on 
V5a anode by the negative-going aquare wave. Similarly V5b would open if 
the anode were carried positive with V6 grid by more than the rise impressed 
on the strapped cathode line by the positive-going square wave. If the 
diodes open in this way before the scans are campleted, the radial scan will 
develop a squarish pattern on the P.P.I. This squaring results from the 
fact that the grid swings at V6 and V6 are a maximm when the scan is nearing 
the horizontal and vertical positions respectively, since the one charging 
square wave is then of large amplitude and the other amall. In the inter- 
mediate positions.the charging square waves are more nearly equal and the 
grid swings are more nearly equal and well below their maximm value. It 
follows then that the square waves applied to the strapped diode anodes and 
cathodes must have an amplitude that does not fall below som minimun value. 
Since the amplitude of the square wave applied to the strapped diode cathodes 
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is determined by the potential divider formed by R9, R16, Ri7 and VR5, the set- 
ting of VRS influences this amplitude as well as the operating potential of 

ye screen. Similarly, VRe influences the emplitude of the square wave applied 
to the strapped diode cathodes as well as the operating potential of V2 cathode. 
VR2 and VR3, therefore, have three simultaneous canditions to fulfil:- 


(a) May not fix the potentials to which the strapped diode 
anodes and cathodes are returned at values repectively 
negative and positive to the decoupled potential at the 
V3a, VW3b junction in order to permit V3 to clamp the 
grids of V6 and V8 to this decoupled potentiel. 

(>) Must not drop the emplitudes of the square waves on 
the strapped diode lines below the amplitude of the 
maximm swing on the grids of V6 andi V8. 

(o) Must be so adjusted as to permit stable phantastron 
opera tian. 


The inclusion of the control, VR15, mekes it possible to obtain condition 
{c) at the same time and as conditions (a) and (b).- It is therefore called the 
synee control. VR2 and VR) mey be termed phantastron cathode and screen volts 


controls, for lack of more appropriate names. 


468 "Squaring" may also occur if the timebase emplifiers "“bottan" before 

the scan is completed.. That is, while passing minimum current the anode poten- 
tial drops so nearly to the cathode potential that a further grid rise or cathode 
fall does not cause a further anode fall. 


Unstable Timebase Centre Effects 


469. We may now consider what the effects will be if condition (a) in 
para.167 is not fulfilled. Suppose the diode cathode line is sanewhat 
positive to the decoupled potential at the junction of V3a, Vobe V3b will 
then be cut off during the 500 microsecond clemping period and ‘the strapped 
eathode line will not be pulled in to the decoupled potential, but will sit at 
a higher level. The cammon point of the secondarics of T3 and Ty is still 
returned to the lower decoupled potential. For a positive~going flyback, ie. 
when the charging square weve is negative-going, the grids of V6 and V8 can 
rise until they reach the level of the strapped diode cathode line, i.¢- to a 
value more positive than the decoupled potential. For 4 negative-going fly~ 
back, i-e. when the charging square wave is negative-going, the grids of V6 and 
v8 can fall until they reach the level of the strapped diode anodes, which is 
essentially equal to the decoupled potential. Hence V6 and V8 grids return 
to different DC. levels when the sense of the charging square wave changes. 
This meens that the DC. levels of the paraphase amplifier anodes will shift. 
Hence the C-R eT. spot will not cans to rest at the same point on the tube at 
the end of every flyback. If the scammer is rotating the redial scan will 
therefore camence at different points and give the effect of an unstable centre. 
Obviously, the same type of effect will be produced if the strapped diode 
anodes are returned to a potential below that of the decoupled potential. the 
smount of instability at the tube centre will depend on whether or not both the 
diode lines are simultaneously maladjusted and the amount of maladjustment. 


Summary of P.P- I; Timebase Controls 
170. From the preceding paragraphs it follows that setting up the P.FP.I. 
timebase controls involv.s the following major points:- 


(a) Adjustment of VR2, VR3 and VRI5 to give the six:ltaneous 
requirements of:- 


(4) phantastron stability. 
(ii) stable centre. 
(441) no "squaring". 


(>) Adjusting the scaming centre to coincide with the tube centre 
with the shift controls VR6 and VRI1- 

(co) Adjust the gain of the paraphase amplifiers with VR9 and VR10 
to obtain a radial scan of constant amplitude which is such 
as to provide the desired ground range coverages. 
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Further details will be discussed when dealing with setting up procedures. 
It might, however, be noted at this point that there will be sane inter~ 
action between the shift and amplitude controls om each paraphase amplifier 
since both controls the effect overall push-pull output and the D.c. currents 


passed by the valves. 


Setting~ip the P.P.I. Map 


171- We have traced the development of the timebases and the part played by 

the various controls which enter into the development of the scarming waveform. 
We have not, as yet, considered the part played by the setting control on the 
heading control unit. It was pointed out that this control can be used to 

make the heading marker flash up at-any desired bearing on the P.PeI. The 
mechanical details af what goes on when this control is operated will be dis- 
cussed in paras 420. The effect of the control may profitably be considered 
now. The bearing at which the radial scan sweeps out fram the tube centre at 
any instant in the rotation of the scammer is determined by the relative ampli~ 
tudes of the instantaneous deflecting voltages across the X and Y=-plates of the 
P.P.Ie This follows since the path along which the spot moves is the direction 
of the resultant obtained when the X and Y voltages are added vectorially. But 
the amplitude of the instantaneous X and Y voltages are determined by the ampli- 
tude of the instantaneous swings at the grids of V6 and V8. These grid swings, 
in turn, are detemmined by the charging voltage developed by the charging square 
wavese The amplitudes of these square waves is determined by the instantaneous 
amplitudes of the sawteoth outputs fran the magslip stators. ‘The instantaneous 
value of these sawtooth amplitudes is governed by the coupling between the rotor 
and each of the two stators. When the rotor makes full coupling with the stator 
that feeds Ty, only V6 and V7 are operating and the scan is vertical. If we 
want the scan to travel vertically upward when the scanner looks due North, we 
must arrange that at that instant the rotor shall make full coupling in the 
appropriate sense with the stator that feeds T3 and the Y-emplifier, V8, V3- 
Since the rotor is geared to the scanner shaft no adjustment can be made to the 
rotore Hence the adjustment can only be made by moving the stators relative 
to the rotor until this condition is fulfilled. Operating the setting knob 

on the heading control unit when the switch is set to the "Course™ position 
brings a repeater motor into play in the scamner. This repeater motor rotates 
the magslip stators. They can this be set to make any desired coupling with 
the rotor at any point in the scanner rotation. If the bearing ring has been 
set to 090°, say, and the setting knob is operated until the heading marker 
flashes along the bearing ring pointer, the coupling between the rotors and 
stators must be such as to make full coupling with the stator that feeds TL at 
the instant the scammer goes through the dead-ahead positim. A quarter farn 
earlier in the rotation of the scanner ani rotor, the rotor will have made full 
coupling with the stator feeding T3 and the scan will have been travelling 
straight up. Hence, if the magslip stators have once been set to bring the 
heading marker up at the bearing on which the aircraft is heading, the bearing 
of the scan at any instant will be identical with the bearing of the direction in 
which the scanner is looking at that instant. This will, however, only be true 
a8 long as the aircraft camtimes on the same course or heading. 


Need for DR. Campass Control 


472. Suppose the map is set when an aircraft is heading due East. The heading 
marker then flashes horizontally to the right every time the scanner goes through 
the dead-ahead position. The magslip rotor is then making full coupling with 
the stator that feeds Th and the X-amplifier, at the instant the scanner looks 
dead-sehead and due East. If the aircraft now turns 90° in a clockwise direction 
and heads due South, the magslip rotor is still making full coupling with the 
stator that feeds Ti when the scanner goes through the dead=-shead position, since 
turning the aircraft in no way affects the scanner or magslipe The heading 
marker will therefore contime to flash horizmtally to the right when the 
scammer looks dead=ahead, ieee. due South. Hence target indications fran the 
South will now appear at the right af the tube, iee. the P.P.J. map has slipped 
back 90°. Hence when the aircraft turns the heading marker remains stationary 
ani the map rotates through the same angle as the aircraft but in the opposite 
directiom Such a state of affairs may be confusing to an Operator who wants 
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the top of the map to be North at all times and also wants the heading marker 
to move as the aircraft turnse Such a result can only be achieved by suit~ 
ably turning the magslip stators as the aircraft turns. The DeRe compass is 
utilised to effect this rotation of the magslip stators when the switch on the 
heading control unit is set to the “Auto” position after once correctly setting 


the Mape 


Type_of Control Require. 


473 The question now arises as to which way the magslip stators should turn 
when the aircraft turns. We noted that when the aircraft turns clockwise that 
the picture slips counterclockwise through the same anglee What we really want 
to happen by the time the aircraft completes its turn fran East to South, is to 
have the magslip stators turn in such a wey thet the rotor makes full coupling 
with the stator that feeds T3 when the scanner goes through the new dead-ahead 
position. The coupling must be in such a sense that the sweep of the scan is 
then vertically dowmvard. Suppose the aircraft took a minute to make the 
quarter turn, and assume the scanner turns at 60 repem- The timebase will then 
make 60 x 670 sweeps in the turning interval. If the magslip stators were 
stationary the scans would be travelling horizontally to that right at the end 
of the minute since the rotor is at the seme position with respect to the stators 
after 60 cumplete turns as it was when the first turn began. In order to have 
the timebase sweeping vertically downward the 60 x 670 sweeps should ‘have 

carried the scan around the tube face not 60 times, but 60% times. That is, the 
rotor should have made 60; turns with respect to the stators. This result would 
be achieved if the stators moved 4 turn .counterclockwise while the rotor made 

60 turns clockwise, iee. while the ailroraft made a quarter turn clockwise. Hence, 
we want the magslip stators to.move through the same angle as the elrcraft but in 
the opposite direction. The map will then appear stationary and the heading 
marker will rotate through the same angle as the aircraft turns. 


Method of Obtaining the Required Control 


4742 When the aireraft turns the campass mounting turns with it while the cm- 
pass needle tends to retain the same position, iece alomg the lines of force of 
the earth's magnetic field. Hence, whenever an aircraft turns there is relative 
motion between the canpass mounting and the needle. This motion is utilised 

to operate the repeater motor in the scanner instead of using the setting knob 
end operating it by hand. If the wiring is correct in the heading control unit | 
and DR. compass box the relative movement between the compass mounting and needle 
will cause the repeater motor in the scanner to impress the correct rotation on 
the magslip statorse Should the wiring be incorrect the impressed rotation may 
be in the reverse sense and the heading marker will then go around the wrong wey. 
A turn fram East to South would then cause the heading marker to go fran East to 


North on the He2.S. display- 


Blackout of ‘back 


175. ‘The blacking out of the flyback on the height tube is discussed in 
paras. 562 = 564+ Blackout of the flyback on the P.P.I- is wrapped up with 
bright-up waveforms so cannot be dealt with until the development of these 


bright~up waveforms has been studied. 
VALVE FUNDAMENTALS 





Introduction 


176. The Radar Mechanic who is interested in a detailed analysis of circuit 
action may feel that the master multivibrator, switching valve, lineariser, 

bass boost valve and the indicator paraphase amplifiers, have received scant 
attentions This temporary neglect has been deemed desirable because these 
circuits cannot be discussed in detail without elaborating on ideals of cathode. 
coupling and negative feedback. . To introduce these digressicnsa while pursuing 
our study of the way the timebases are developed would tend to distract atten~ 
tion fran our primary theme to side issues. Hence we have traced the develop~ 
ment of the timebasesa by focussing our attention on the stages where major 
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adjustments are invalved. We shall now go back to gather up the side issue. 


Action of the Control Grid 


177+ Before going into the subject of cathode coupling it may be well to 
form a clear mental picture of scme valve fundamentals. The Radar Mechanic 
is so accustomed to the standard practice of applying signals to grids and 
obtaining antiphase signals at anodes that he tends to assume that a valve 
will always phase invert, regardless of how the signal is applied. Since 
many stages in the He2.S. installation do not invert, such habits of thinking 
can only result in hopeless confusion. Let us begin by recalling that when 
the cathode of a valve is heated, electrons are emitted. If a positive . 
potential is applied to the anode these electrons, since they are negatively 
charged particles, are attracted to the ancde. If the grid is held at the 
same potential as the cathode it exerts no appreciable effect on the flow of 
electrons from cathode to anode. If the grid is held at a potential that is 
more negative that that of the cathode it will repel the electrons back towards 
the cathode and thus reduce the flow to the anode. There will then be an 
accumulation of electrons between the grid and cathode which will repel elect- 
rons trying to leave the cathode. The total emission fram the cathode will 
therefore diminish because of the ‘space charge’ that accumulates in the grid- 
cathode space. If the grid is held sufficiently negative to the cathode the 
force of repulsion will be se great as to stop the flow through the grid mesh 
campletely. We say the grid is then "cut off om the grid". The number of 
volts by which the grid must be negative to the cathode to cause this cut-off 
is called the grid base of the valve. If the grid is held at a potential 
above that af the cathode it will attract electrons to itself. Hence part — 
of the cathode emission will flow to the grid and part to the anode. If the 
grid is made so highly positive that a heavy flow of electrons passes to the 
grid the actual flow to the anode may diminish due to this "robbing" although 
the cathode emission is higher than it was when the anode current had a higher 
value. Hence for a fixed anode potential we may trace the following changes 
in anode airrent as the grid potential is varied:s- 


(i} Por a grid potential negative to that of the cathode by an 
amount greater than same value called the grid base, no 
electrams reach the anode. 

(if) Por grid potentials that are negative to cathode but inside 
the grid base, enode current increases as the arid potential 
rises. This increase ia non-uniform at first, lee. we have 
& lower bend om the grid volts-anode current characteristic 
then increase proportionately with the rise in grid voltage 
along the linear part of the characteristic. 


When the grid swings positive to the cathode grid current 
starts to flow, and for a highly positive grid voltage this 
flow may be so great as to cause an actual reduction in the 


flow to the anode. 


Valve Amplification 


178. If we have an anode load in circuit but no cathode load the cathode 
remains at the potential to which it is returned but the anode potential falis 
below the HeT. voltage by the mmber of volts in the I-R.e drop across the anode 
load. Hence, if a signal swings the grid above cut-off, current flows through 
the anode load and the anode potential falls to produce a negative~going signal 
at the anode for a positive-going signal at the gride The voltage change at 
the anode for a given swing on the grid is given by the product of the anode 
load and the change in anode current. Since this product may be many times 

as great as the signal applied to the grid, we say the valve amplifies. If 

the grid is above cut-off and swings negative, the electron flow to the anode is 
reduced. Hence, the voltage drop across the anode load diminishes and the anode 
potential rises by the product of the anode load and the decrease of anode 
current. We thus obtain the femiliar amplification and phase inversiom when 


signals are applied to the grid. 
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The’ Cathode Follower 


179s Suppose that we now consider a valve with only a cathode ioad and no 
anode load.  Asswmue the grid is tied to earth through a grid leak. The hot | 
cathode will emit electrons which will be attracted to the anode when H.T. is 
applied. Electrons will flow fran earth through the cathode load to replace 
the emitted electrons. This flow will cause an I-R. drop across the cathode 
load and the cathode potential will rise. ‘he grid, meanwhile, is returned to 
earth potential. as the cathode rises above earth potential while the grid is 
held, .we progressively make the cathode more positive with respect to the grid 
as the cathode warms up and the emission increases. But saying the cathode is 
becaming increasingly positive to the grid is equivalent -to saying that the grid 
4s becoming increasingly negative to the cathode, even though the grid potential 
is stationary. Hence, an equilibrium point is reached when the cathode current 
reaches such a value that any further increase will result in such a repulsion 
fran the grid that no more electrons will pass through the grid mesh to the anode. 


180, Suppose that we now apply a positive-going signal to the grid. 

repulsion of the grid will be reduced, and the cathode can now emit more strongly. 
Hence the cathode current increases and the cathode potential follows up as the 
grid rises. If the grid is swung negative by a signel the force of repulsion 

on the electrons increases and the accumilation of space charge causes reduced 
emission. The cathode current then falls ani the cathode potential falls. 

Tis is the familiar onathode follower action which does not result in amplifica- 
tim, but delivers nearly the same output as input without phase inversion and 
at a low cut-put impedance. ‘This low output impedance is frequently utilised 

to match to low impedance cables. ) : 


481. Suppose that we consider next a stage utilising both anode and cathode 
loads. Let us assume the control grid is returned to earth through a grid 
leak. When HeT. is applied the hot oathode will emit electrons which will 
flow to the anode. The I-R drop across the anode load will result in a fall 
at the anode. The flow through the cathode load will result in a rise of the 
cathode potential. Equilibrium.will again be reached when the cathode current 
reaches such a value that the grid is so negative to the cathode that its 
repulsion prevents a further increase in the flow to the anode. If we now 
apply a positive signal to the grid the force of repulsion is reduced and the 
emission increases. Hence the anode potential falls and the cathode potential 
rises. We thus obtain fran a positive signal on the grid a positive signal 

at the cathode and a negative signal at the anode. This gives us a phase~ 
splitter circuit with antiphase outputs fram a singte stage. The relative 
amplitudes of the two outputs will depend on the relative magnitudes of the 


anode and cathode loads. 


Degenerative or Negative Feedback 


182. We stated previously that the output at the anode ina simple amplifier 
with the cathode returned to earth, was equal to the product of the anode load 
and the change in anode current produced hy the change in grid voltage. To. 
get a large output we must get a large change in anode current. But the change 
in anode current is determined by the swing of the grid relative to the cathode. 
If there is no cathode load the cathode remains stationary as the grid moves. 
‘Jf, however, there is a cathode load we have seen that. the cathode follows the 

voltage changes at the grid. If a 6 volt change at a grid causes a aurrent 
change of 3 ma. in a value. using an anode load of 40 Ke and no cathode load, the 
output is 120 volts and we have an amplification of 20. If we have a aathode 
load of 1.Ke and again apply a 6 volt signal to the grid, the cathode voltage 
will rise with the grid as the emission tends to increase. But this following- 
up by the cathode means that the swing of the grid relative to the cathode is 
mich reduced. Hence, the actual increase in anode current, which de on 
how much the a 8 ative to the cathode, and not on the grid 

tive to earth, will be much less than before. The put at the 


will therefore be materially reduced. We say, therefore, that an unmdecoupled 


cathode load introduces degenerative or negative feedback since its action 
is to reduce amplification. 
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183. Negative feedback can also occur in other ways. Any circuit arrange- 
ment which serves to reduce the swing of the grid relative to the cathode _ 
achieves the same result of reduced amplification. Three methods are used 

in the lineariser stage. in-phase signals are applied to V503 grid and cathode 
fran V502 anode which serve to carry the cathode and grid up and down together 
and thus reduce the swing of the grid relative to the cathode. The cathode 
load is undecoupled to begin with, so the cathode would follow up even if no 
in~phase signal were applied to the cathode. Finally, the anode is coupled 
back to the grid so that as the grid tries to move in any direction the andde 
feeds back an antiphase voltage that opposes the grid movement. 


Cathode Drive 


184. So far we have discussed only grid drive, ieee the application of signals 
to the control grid. We have, however, emphasised the fact that the change in 
anode current due to a signal on the grid, is detenained by the swing of the 
grid relative to the cathode. Suppose that now we consider an amplifier whose 
grid is tied to sane decoupled positive potential and whose cathode is returned 
to earth through a resistor. If HeT. is applied the hot cathode emits electrons 
which flow to the ance. The anode potential falls ami the cathode potential — 
rises. The cathode rise will cmtimie until the cathode potential is suffic- 
lently above that of the grid that the repulsion exercised by the grid prevents 
any further increase in enission. Note that both cathode and grid are positive 
to earth but the cathode is more positive than the grid. Hence the grid is 
negative to the cathode and we have ao negative bias. Suppose we now apply a 
positive going signal to the cathode. This makes the cathode still more 
positive so that the grid, though stationary, ia becaming more negative with 
respect to the cathode. The repulsion exerted on the electrons emitted by the 
cathode increases. Hence, the flow through the grid mesh to the anode is 
decreased ani the anode potential risese A positive signal on the cathode thus 
produces a positive signal at the anode. Had the cathode been driven negative 
the result would be to make the grid less negative with respect to the anode. 

It would therefore exert less repulsim on the electrons and the flow through 
the grid mesh to the anode wanld increase. Hence, the anode potential would 
fall. It follows then that cathode drive can be used when we desire amplifica- 
tion without phase inversion. It should be borne in mind that with cathode 
drive it may be necessary to centre tap heaters to a potential in the neigh- 
bourhood of the mean cathode potential. If this is not done trouble may arise — 
due to leakage or insulation breakdown between heater and cathode. It may be 
noted that cathode drive will provide a low input impedance so will match a low 
impedance source. 


The Timebase Paraphase Amplifiers 


485. We are now ready to study the operation of the timebase paraphase ampli- 
fiers in more detail. Let us assum that V6 grid is being carried positive 
by the action of a positive-going charging square wave. As the grid rises V6 
passes more current. V6 anode falis and V6 cathode rises so we have negative 
feedback which reduces the gain of V6. Suppose the grid rise is 22 volts and 
the cathode follows up 12 volts to leave an effective swing of grid with respect 
to cathode of 10 volts. The cathode rise also appears across VRS + R24, in 
parallel with R23. If the ratio a is 2 the rise impressed on V7 cathode 
+ Reh 


is a 42 or 10 volts. But V7 grid is returned to the potential of VRI slider 


which is decoupled by C15. Hence we have V7 cathode swinging 10 volts positive 
with respect to V7 grid. This is equivalent to swinging V7 grid 10 volts 
negative with respect to its cathode. Hence the signal applied to v6 grid 
serves effectively to drive V6 and V7 in antiphase to. develop a push=pull ocit- 
put from the pair. V8 and V9 operate in the same fashion. Cathode~coupled 


amplifier circuits of this type are canmonly known as long-tailed pairs. 


The Amplitude Controls 


186. VRS determines what part of the change at V6 cathode is transferred to 
V7 cathode. Hence varying the setting of VR8 varies the output at the anode 
of V/. Since the effective cathode load of V6 is R23 in parallel with 

VRS + R24, this cathode load is increased as VR8 is increased. Hence the. 
negative feedback in V8 is increased at the same time as the input to V7 is 
reduced. Increaseing VRB then simultaneously reduces the outputs of both 
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V7 and V8 but affects V7 output most. Decreasing VRS will reduce the 
negative feedback operating on V6 and increase V6 output. At the same time, 
although the total voltage impressed across VRS + R2h has decreased, the 
actual voltage impressed on V7 cathode may be increased, as a greater propor- 
tion of the change at V6 cathode is applied to V7 cathode. Hence, as VRS is 
decreased the amplitudes of both V7 and V8 outputs will increase until a point 
is reached where they will fall sharply if the maximum negative input is applied 
to V6 grid. This unexpected development occurs when V7 cathode is driven so 
fer negative that V7 runs into grid current. his grid current biasses back 
V7 grid and so reduces the gain of V7. Since part of this current is drawn 
through R23 the DeCG. potential of V6 cathode is raised, thus increasing the 
bias on V6 and also reducing V6 gain. 


The Shift Controls 





187. AS was pointed out earlier, VR9 and VR1O are used to adjust the DeC. 
potentials at V7 and V9 anodes during the 500 microsecond clemped period, to 
such a value that the cathode ray tube spot is returned to the tube centre by 
the flyback. If the electrode eligrment of the P.P.I. is not distorted in any 
way the anode potentials of the valves in each amplifier pair must then be 
identical. Since there is a fairly wide tolerance in the values of the anode 
loads this equality of potential may call for rather different currents through 
the two valves in a pair. Hence, the operating point set for V/ with VRO may 
not be the same as that fixed by V3 for V6e Hence, when the scan is centred 
with the shift controls the gain of V7 and V9 may be altered slightly, resulting 
in sane change in scan amplitude. Also, since altering the amplitude controis 
alters the effective cathode loads of the amplifiers, an appreciable alteration 
in the settings of VR8 and VRi1 may necessitate a slight adjustment to the shift 


controls. 


The Waveform Generator Voltage Stabiliser 


188. Before embarking on a further study of the master multivibrator ami wave- 
form generator sawtooth stages, we should consider the voltage stabiliser that 
provides 200 volts stabilised HeTe for V500, V501, V502, V505 and the trans~ 
mitter-timing valve V505. This is V511, a VR116 connected as a triode cathode 
follower. The cathode load is that provided. by the valve stages which it 
supplies. R586 (1M) and R587 (2M) form a voltage divider across the unstalilised 
300 v. line. V511 grid is tied to the junction of R586 and R587, i.e. the 200 — 
volt point, through the 2.2M leak, R585. © C538, (6 mf.) provides decoupling. 
With the grid thus returned to 200 v. the valve will pass current until the — 
cathode potential risea to the equilibrium point where the grid bias is such 

thet no further increase in cathode emissiom is possible without increasing the 
grid ar anode potential. The cathode will then sit close to the 200 volt 

level since the grid base of a VR116 is shorte Should a transient change in 

the 300 volt supply cause the potential at the junction of R586 and R587 to 
change, the change would only appear at V511 grid after a time governed by the 
CeRe of R586 ani C538. As the C-Re is 13-2 seconds, brief transients will not 
affect the potential at V511 cathode. Similarly, any small emamt of 4000 c/s. 
ripple will not have any effect. Hence, provided the VeCeP. is set up correctly 
and fumctioning normally, ami the 300 v. power pack in the power unit is not 
faulty, V511 will furnish a very stable HT. supply at approximately 200 volts 


to Vo00, V5, VWo02, V503 and V505~ 


The Master Multivibrator 


189. This stage, which controls the timebases, transmitter and height and 
markers, is another application of cathode coupling. he folloing 
details should be noted:r= . 


(a) ‘the grid of V500 is returned to a decoupled potential of 
abaut 50 volta. 

b) V500 anode is tied to V501 grid through C504. 

¢) ©0504 leak is R514 returned to the decoupled 50 volt point. 

a) The ancde laad of V500 and cathode loads of V500 and V501 

are switched by relays M and N when the scan-marker switch 

| is operated at the switch unit. 

"(e) The cethodes of V500 and V501 are coupled capacitively by 

«03 mf. (C505, 506 and 507 in parallel). 
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(f) The anode load of V501 is 35Ke while ¥500 will always have 
more resistance than this between the anode and HeT. line. 


490. When we switch on, both valves will pass current and both cathodes will 
rises But as V500 anode falls it carries V50i grid down and so reduces the 
current passed by V501. The cathode potential of V501 then tends to fall and 
pull down V500 cathode through the coupling capacity. This is equivalent to 
a positive signal on V500 grid so V500 passes more current and its anode drops 
still further. We may, therefore, expect that V500 canes into full conduction 
and carries W501 grid down so far that cut-off occurs. With ¥500 in full 
conduction the current passed will be such that the cathode sits above the 
grid by several volts. Since V501 is cut off the other side of the cathode 
coupling capacity will be leaking away toward earth potential through the cathode 
load of V501. At the same time the grid of V501 will be climbing slowly as 
C504 leaks away through the 1M leak, R514. Since this OR. is 10,000 micro- 
seconds the rise of V501 grid will. be much slower than the fall at the cathode. 
When the cathode has fallen to a point where it is positive to the grid by less 
than the grid base V501 will again pass currente This will cause the cathode 
potential to rise and carry up-the cathode of y500 via the coupling 

capacity. This positive drive on V500 cathode is equivalent to a negative 
signal on the grid. Hence, V500 passes less current and its anode rises. 

This serves to pull up V5 grid and increase the current passed by V5O01i. The 
cycle is cumulative, and quickly cuts off V500 and brings V5Q1 on hard. The 
cathode of V500 will have been carried up by an anount equal to the rise at 
V501 cathode so the cathode is at a potential well above that af the grid.. We 
shall then have the cathode coupling cepacity leaking away through the cathode 
load of V500 until the cathode potential has fallen to a level above the grid 
potential by less than the grid base. When this occurs Y500 again starts to 
pass current. The anode then falls and carries down V501 grid. This reduces 
the current through V501 and its cathode potential so it conducts more heavily. 
The cycle is mmulative and quickly cuts V5(1 off and brings V500 on hard to 


complete one full oycle. 


491. ‘The time that V501 is cut off depends on how long it takes the cathode 
coupling capacity to leak away through the cathode load of V501 to a level where 
V50i can again conduct. This will depend partly on how far V501 grid was 
carried down when V500 came into canduction. This, in turn, will depend on 
the ratio of Y500 anode load to its cathode load. How long it takes the 
coupling capacity to leak away through any specific number of volts depends on 
the value of W501 cathode load. Hence V501 cut-off time, which fixes the 
sawtooth flyback period, depends an: 


a) ¥V501 oathode load. 
b) Ratio of V500 anode and cathode loads. 


492. The time that V500 is cut off depends on how long it takes ¥501 cathode 
to fall fram the level to which it is carried by the rise at V501 cathode to 
within its grid base of the decoupled grid potential. This depends mainly on 
the cathode losd of V500. Hence, the V501 conducting period, which fixes the 
working stroke of the sawtooth, depends mainly on V500 cathode load. 


493. To obtain the required working strokes we therefore switch Y500 cathode 
load. This alters the current passed by V500 in its conducting period and 
hence the drop applied to V501 grid. In order to keep this drop constant, 

we then switch V500 anode load To keep the perf. constant at 670 o/s. we 
must then vary the cut-off time of v501 so that the sum of this cut-off time 
and the V500 cut-off time remains at 1500 microseconds. Hence, we switch -¥501 — 


- eathode load to achieve this result. 


M and N Relay Contacts 
192 When the scan-marker switch is set for the different scans the positions 
of the M and N relay contacts are as follows:= 
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The Switching Valve, YWoo2 


‘ 495, It was pointed out earlier that the negative part of the master square wave 
switched on the triode part of V502 while the positive part switched it off. 
These results are obtained through an indirect farm of cathode drive. The 


following points should be noted:- 


(a) The grid of V502 is returned to different decoupled potentials 
by switching camponents in a bleeder network as the scan-marker 
awitch is operated. 

tbe The cathode load of V502 is switched at the same time. 

c) The master square wave is applied to the strapped diode anodes 
ef 502. 

(ad) The anode of V502 is tied to earth through C514 (.1) in series 
with R538 (2.2M. ). | 

(e) ‘The anode of V502 is coupled to V505 grid at the junction of 
C514 and R538. 

(f) The output developed across R531 is applied to V505 cathode 
vie C512, R539. 


196. When the positive part of the master square appears on the strapped diode 
anodes the diode current rises and carries V502 cathode potential above the 
decoupled grid potential and cuts off the triode section. The anode then tends 
to rise exponentially as C514 charges exponentially through R551, R552 and R538 
and C512 charges through R531 and R539. If V509 is removed, a ‘large positive~- 
going exponential appears at V502 anode. When the negative part of the master 
square wave is applied to the diode anodes the diode current falls and V¥502 
cathode potential falls sufficiently to permit the triode to conduct. C514 can 
then discharge through the series impedance of the valve and R538. ©0512 can 
discharge through R532, the valve impedance and R559. With ¥503 removed we then 
obtain a large amplitude falling exponential at V502 anode. 


197. If V503 is inserted we drive V503 grid and cathode with the outputs from 
v502. If we merely applied a signal to V503 grid we should have an emplified 
entiphase signal at the anode. Degenerative feedback due to the undercoupled 
cathode would reduce stage gain. By feeding in-phase signals to grid and cathode 
- this gain is still further reduced. A further reduction is obtained by feeding 
back fran W503 anode to grid thraigh C513 ani C514. It is this antiphase signal 
that results in only a small signal at V502 anode when V50} is inserted. Driving - 
both grid and cathode with exponential waveforms of the same phase but adifferent 
amplitudes tends to linearise the output of y503.- The antiphase feedback from 
anode to grid furthers this linearisation by tending to counteract the curvature 
of the grid waveform by applying a curvature in the opposite sense. We thus 
obtain at ¥503 anode a reasonably linear sawtooth which is positive-going when 
¥502 anode is negative-gaing, i.e. during the period that the negative part of 
the master square wave holds down V502 diode anaes. Tt is this positive-going 


sweep that is the working strake of the sawtooth. 


198. ‘The different sawtooth slopes are obtained by altering the current passed | 

by V503 during the triode conducting period. This is achieved by suitably 
switching the bleeder canpanents to vary the decoupled potentials to which the 
grid is returned and by simultaneously switching V503 cathode load. The relay 
positions are shown in paras 19k. 


The Bass Boost Valve, V504 


199. It has previously been pointed out that this stage fulfils two functions:- 
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(a) Provides discriminating negative feedback to deliberately 
introduce distortion by giving excess low frequency 
amplification. This is done in anticipation of subsequent 

low frequency losses which will balance out this deliberate 
distortion. 


(b) Provides a sawtooth output at a sufficiently low output 
impedance to match into the low impedance cable. 


R542 and R543 form a voltage divider which applies about L/5 of the output fran 
¥503 anode to V50k gride <A feedback winding on the transformer T501 has om 

end tied to V504 cathode and the other end feeds back to the grid a signal in 
antiphase to the input. All frequency canponents are equally attemated in 

the resistors R545 + BSije ©0539 + C518 (.003) provides the discriminating 
feedback. ‘he low frequency canpments are considerably attemated but the 
high frequency camponents are offered only a low impedance. Hence the net input 
on V504 grid has a greater proportion of low frequency canpaents than is re~ 
qgiired for a linear sawtooth. The output sawtooth therefore has an excess of 
low frequency canponents which allows for later losses. 


200. The amplitude at V50, anode is around 300 v. and the amplitude at 503 
ancde is around 75 volts. The gain of V50) is this obviously low because of 
the negative feedback. The centre-tapped output winding provides a step-down 
of about 1 : 6 to apply about a 50 volts push-pull output which is taken to the 
magslip rotor and the height tube sawtooth transformer. 


201. C519 end R547 are included to comteract 6 tendency for the phase of the 
feedback to became positive at the high frequenady end. Such an effect would 
tend to cause instability and must therefore be. prevented. 


202. ©0537 serves to bypass to earth any RF. voltages that may be picked up 
at V504. grid. : | a 


Power lies for the Indicator 1 


203. As the +300V. power pack in the power unit is not cepable of supplying 

the added stages in the indicator 18 which were not included. in older indicators, 
4¢ has been necessary to introduce another +300V supply. In the case of 

Mark IIC, this power pack is in the tuning unit 207 which also houses the 
klystron local oscillator. Circuit details are shown in fig. 228. A 5ZkG 
double halfewave rectifier is emplayed. SOV AC. is brought to the trans- 

- former primary on pins 6, 7 (strapped) and 8, 9 (strapped) of the 18—way yellow. 
The smoothed output is taken to pin 16 of the yellow-green 13-way whence it is 
carried by cable to the 18—-way yellow on the indicator 18). 


204. In the Mark IIIA installation, the +300V supply for the indicator 18) is 
@rewn fron the +300V. pack in the power unit via 18/16. To relieve the added 
drain imposed on this pack by the indicator 184, an independent +300V supply is 
provided in the Mark IIIA receiver-timing unit. | 


205. The -300V negative rail supply used in the indicator 184 is developed 
fron a bridge metal rectifier in the indicator itself. Circuit details are 
shown in fige228- 80V A.C. is brought to the indicator on 18/6,7 and 18/8,9 
ama applied to T.1 primary. Gne secondary feeds the bridge metal rectifier 
whose -300V output is smoothed by the choke Le1 and condenser Ce25. 


206. Other secondary windings on Tei supply the various heater voltages. 
Re85 (680K. ) and ReSh. (330K.) provide a bridge between ~300V and earth whose 
junction is at about ~100V. The heaters for the valves V.3 to Ve9 are held 
at this D.C. level since their cathodes are operating at a voltage in the 


vicinity of we OOV. 


207. In the earlier 184. indicators, which are not fitted with a centre~tapped | 
heater system, trouble arises due to 1000 c/s pick-up fran the heater line. 

To minimise the effect of this pick-up 300 ohm balancing potentianeter across 
the heater line was fitted retrospectively. 
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CHAPTER 5 - THE He2.S. TRANSMITTER CHAIN 


Summary 


208. It has previously been pointed out that the He2-S- transmitter has a 
pulse width of 1 microsecond and A peref. of 670 c/s. In the HedeS. Mark TiC 
installation a wave length of about 9.1 cms. is employed, while in He2eS. | 
Mark IIIA, a wavelength of abot 3 ams. is utilised. Magnetron transmitter 
valves are employed in both installations. The Mark IIC transmitter has a 
peak power of roughly 30 - 55 K.-W. and an efficiency of 20 - 40% Ini the 
Mark ITIA transmitter the peak power is about 48 =~ 40 K.W., and the efficiency 
about 13 - 306 whem the T.R.3555 series transmitter units are usede In the 
transmitter chain the following functions are involved: =- : 


(a) Synchronisation of the transmitter pulse to the timebase and 
control of timing of the transmitter pulse, 4.a., of the point 
on the sawtooth where the transmitter fires. 

(b) Development and shaping of the modulation waveform. 

(c) Development of the actual RF. tranamitted pulse. 


(a) Transferring the trenamitter pulse fran the magne tron- 
transmitter valve to a suitable radiating array where 
4t is launched into space. Tis involves suitable 
feeder arrangements and matching adjustments, a wave~ 
guide mirror feed and the scanning mirror. 


(e) Isolation of the transmitter pulse fran the receiver 
chain by 4 suitable T.Re switch. 


Stages te} and (b) are essentially identical in the two installations. 
Stages (oc), (a) and (e) differ in mechanical details but not in principle. 
209. (a) A block schematic of the H.25. transmitter is given in fig. 56. 
b) Circuit details for Mark IIC ere given in fig.55. 
ce) Cireuit details for Mark IIIA are given in fig. 64. 
a) Mark TIC transmitter unit details are shown in fige 217-218. 
a) Mark ITIA transmitter unit details (T.R.3555 series) are 
shown in fige 219 - 222. 
9 Relevant waveform generator 34 details are given in figs.223-225. 
g) Modulator type 64 details are given in Pige212-21h- 
h) Relevant switch mit type 207B details are given in figs.226~227. 


Outline of the Transmitter Synchronisation and Timing 


240, The stages in the development and radiation of the transmitter output 
can be traced most readily on fige55 for He2eSe Mark ITC and in fig.64 for 
He2eS- Mark ITIA. ‘The chain commences with the synchronising and timing 
stages. These include ¥505 in the WePeGe, its controls in the switch unit, 
and V.5, Ve6 and V.7 in the modulator type 6. V505 is the transmitter- 
timing valve. Tt is switched on and off by the sawtooth output from the 
single-ended secondary in T50t. This sawtooth swings between approximately 
~{50V and earth. It will centre itself om the grid side of C520 at the De. 
level to which V505 grid is returned. It can be seen that V505 grid is tiled 
to the moving arm of a switch in the switch untt by means of which it can He 
returned to different positive potentials. Suppose that V505 were tied to a. 
potential of +0V- The sawtooth would then have its mid=point at +40V. and 
would try to swing V505 grid up 75V end down 75V from this level. That is, 
¥505 grid would try to swing between <35V and +115V. The cathode of V505 is 
returned to earth. Assuming the grid base to be 2 volts, ¥505 will remain 
out off until the working stroke of the sawtooth carries the grid up fram 
-35V. to -2Vo, ive, through 27V. This means that W505 grid canes into con~ 
auction 33/150 ths. or about «22 of the way up the sawtoothe Obviously, if 
505 grid is returned to a different potential the valve will be brought into 
conduction at a different point on the sawtooth. We see then that the switch 
unit portion of our circuit ts devised to permit a variation in the point on 
the sawtooth at which V505 comes into conductia. 
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2i1-e It is arranged that when V505 canes into conduction it develops a 
negative-going pip at its anode, This pip will then have a perf. equal to 
that of the sawtooth and hence cf the master multivibrator.e The point on the 
sawtooth at which it occurs ia governed by the switch unit canponents of our 
circuit. This pip is taken fran V505 anode to the blue Pye plug on the W.eF.G. 
panel and by cable to the blue Pye -plug on the modulator type 64. Ve5, Ve6 

in the modulator type 6, form a free~rumning multivibrator whose perefe can be 
varied by means of the potentianeter, R24. This is a ratchet type preset at 
the back of the modulator chassis. It varies the positive potential to which 
Ve6 grid is returned and therefore varies the length of time it tales V.6 to 
come back into conducticn. We shall call this preset the modulator multivi- 
brator PeR-}. control. This is set so that a free-running perefe of about 

600 c/s. is obtained. The circuit is so designed that Ve6 only conducts for 
20 microseconds, iee-, Ve5 is conducting most of the period and V.6 grid has 

a long exponential rise. The negative~going pip fran V505 anode is applied 

to V.5 grid while V.5 is conducting and V.6 grid is rising exponentially toward 
cut off. The pip carries V.5 grid down thus causing V.5 anode to rise sharply. 
This sharp rise carries V.6 grid above cut-off and initiates Y.6's 20 microsecond 
conducting period. That is, the negative~going pip from V505 anode is syn- © 
chronising the modulator multivibrator to run at the same peref. as the master 
multivibrator and causes a negative-going 20 microsecond pulse to appear at V.6 
anode every time the sawtooth carries V505 grid above cut-off. 


212. The transformer, T.4, in Ve6 anode phase reverses the 20 microsecond 
pulse and amplifies it to around 140¥. The circuit shows V./ grid returned 
to -100V. and V.7 cathode returned to earth. Hence, Ve/ will be mut off at 
all times, except for the 20 microsecond period that the positive pulse is 
applied to its grid. That is, the 20 microsecond puise cuts V./ on and off. 
In the anode of V.7 we have the chake Ld. Its stray capacity tunes this 
choke to resonate at about 400 kc/s. When the back edge of the 20 microsecond 
pulse cuts Ve7 off, a positive ring of about 1QKV. amplitude is developed at 
the resonant frequency. This ring is applied to the trigger electrode of the 
spark gap switch, Ve}. The first swing of the ring will be positive-going as 
Ve7 is cutting off and the anode potential is rising. As the potential af the 
trigger electrode swings up towards a 10KV. peak amplitude, the potential 
difference between the trigger and the earthed ring electrode rises to about 
3KV. when flash-over occurs. This flash-over initiates the formation of the 

1 microsecomi modulating pulse which fires the transmitter. The ringing at 
Ve7 anode is, of course, quickly demped ait when flash-over occurs so the 
undamped amplitude of the 1OKV will not be obtained if V3 is operating. 


213. Summarising, we have the following chain of eventsi- 


(a) The sawtooth on V505 grid carries V505 above cut-off 
at a point on the sawtooth which depends on the 
potential to which V505 grid is returned in the 

(b) When V505 crosses cut-off a negative-going pip appears 
at V505 anode. 

(c) This negative-going pip synchronises the 600 o/s free~ 
ruming modulator miltivibrator to run at the master 
multivibrator peref. 

(a) The appearance of the negative-going pip on V-5 grid 
brings Ve6 into conduction for its 20 microsecond conducting 
period to develop a negative-zgoing 20 microsecond pulse at V.6 
anode which is phase reversed by a transformer and applied to 
Ve7 grid. 

(e). This 20 microsecond pulse brings V.7 on for 20 microseconds. 
On the back edge of the pulre Ve7 cuts off and the choke in its 
anode rings at 400 ke/s, the first ring being positive~going 
and of about 1QKV amplitude if not damped by conduction in 
Ve de 7 
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(f) This 10KV ring is applied to the trigger electrode af the 
spark gap switch, V.3 and causes flash-over between the 
trigger and the ring electrode through which the trigger 
passes. 


(g} This flash-over initiates the formation of the i microsecond 
modulating pulse which fires the transmitter to produce a 
1 microsecond burst of RF. 


214-¢ Since the pip at V505 anode this determines the point on the sawtooth 
at which the transaitter fires we call this pip the transmitter-timing 
pulse and V505 the transmitter—timing valve. 


215. The 20 microsecond pulse applied to V.7 grid is termed the modulator 
priming pulse. 


216. The 10KV ring developed at V.7 anode is called the trigger pulse, and 
Ve/ is called the trigger valve. 


217+ We may now restate our summary as follows:- 


{a} The transmitter-timing pulse determines the start of the 
20 microsecond modulator priming pulse. 

(b) The trigger pulse is formed on the back edge of the 
priming pulse. 

(c} The 1 microsecond modulating pulse forms just after the 
trigger pulse. There is actually a slight delay between 
the back edge of the 20 microsecond priming pulse and the 
begiming of the modulating pulse. This is the combined 
effect of the time of rise of the trigger pulse anda 
delay in the action cf the spark-gap switch, V8. 

{d) The modulating pulse fires the transmitter to develop a 
1 microsecond burst of RY. The wavelength will be’ 9.1 cms. 
for He2eS. Mark IIC ani about 362 ans. for He2eS» Mke IITA. 


Synchronisation of Signals and Markers to the Timebase 


218. Focussing our attention on the subject of synchronisation of the 
transmitter pulse (and hence of signals) to the timebase, we note the 
following points:- 


(a) The timebase is developed from the sawtooth taken fran the 
centre-tapped secomlary on T501 in V50) anode. 

(db) ‘The transmitter-timing pulse, and hence also the actual 
transnitter pulse, are controlled by the single-erde 
secondary output from T501. 

(c}) There is therefore me transmitter pulse for each timebase 
sweep. 

(ad) As long as the potential to which V505 erid is returned in 
the switch wnit is kept constant the transmitter-timing 
pulse will occur at a fixed point in the timebase sweep. 

(e) The actual transmitter pulse will occur after this timing 
pulse by a fixed interval of about 22 microseconds determined 


by: 
(i) The duration of the modulator prauming pulse. 
33 The amplitude to which the trigger pulse has to 
rise before the trigger gap flashes over. 
(4ii) The further delay before the spark gap switch 
becanes fully conducting. 


Since this interval will remain fixed in a serviceable set, 

the transmitter pulse mist occur at a fixed point in the 

timebase sweep if the amplitude of the sawtooth from V504 remains 
constant, and the amplitude of the timebase paraphase amplifier 
output remains constant. Signals must then appear at a fixed 
point in the timebase sweep, and therefore at a fixed distance 
fran the P.P.I. centre or a fixed distance up the height tube 
trace. This is equivalent to saying that the transmitter 


pulse and the signals are locked to the timebase. 
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219. The height and range marker circuits commence their measurement of time 
at the back edge of the 20 microsecond priming pulse. These markers are 
therefore also locked to the timebase. 


220. It was pointed out earlier that the modulator multivibrator will free- 
run at about 600 c/s. Should the transmitting-timing pulse not be applied 
to ¥.5 anode, or be ineffective for any reason, the modulator priming pulse 
will still be developed but at a perf. af about 600 c/s. ‘The trensnitter 
pulse, signals, and the height and range markers will then be developed at a 
perefe of 600 c/s. ‘The timebase will, however, have a pelefs of 670 c/s. 
There will, therefore, be no synchronisation of the signals and markers to the 
timebase and the signals and markers will drift. It is apparent then that 
the transmitter timing pulse is the actual synchronising or locicing agente 


Gontrol of Transmitter Timing 


224. We shall next consider how the transmitter timing can be varied and 
what effect such variation will have on the display. We have seen that the 
point at which V505 goes into conduction to form the transmitter-timing pulse 
ia governed by the DeC. potential to which y505 grid is tied. We can, there- 
fore, vary the point on the sawtooth at which the transmitter pulse is formed 

varying this D.C. potential. Examination of our circuit diagram, fige55, 
shows ¥505 grid returned to the moving eentact of a switch. This moving 
contact is one of the three moving contacts on the scan-marker switche We 
have already dealt with one contact which serves to operate the relays that 
switch the circuit components in the master miultivibrator and timebase 
switching valve stages.» The third contact is used for operating relays to 
switch canponenta in the height and range marker circuits in the receiver- 
timing unit. Returning to the moving contact in which we are interested at 
present, we note that when we get the acan-marker switch to its respective 
settings, we have ¥505 grid returned to the following points if the various 
links are in the B (Bomber Command) positions:= 


1 





Name of Contral 
Z2ro 


WRe153 slider 10 Mi. 
VR. 152 slider 340 Mi. Zero 
VRe152 slider 30 Mie Zero 


VR.152 slider 30 Mi. Zero 
None 
None 


From our table it appears that ¥505 grid can be returned to a potential variahle 
between O and +60V. by means of the switeh unit control labelled the 10—mile 
zeroe In the next three positions it can be varied between 0 to +5. Ve by a 
oontrol called the 30-mile zero. Tiese presets on the switch unit can be used 
to alter the point on the sawtooth at which the trensmitter-timing pulse forms. 
The result will be a variation in the point on the sawtooth where the back 

edge of the 20 microsecond priming pulse forms and the point where the trans- 
mitter pulse forms just slightly later. AS the height and range marker 
eirowits commence their measurement of time from the back edge of the 20 micro~ 
second priming pulse the markers will. form at different points on the sawtooth 
and hence will move on the displays as the setting of the 10 or 30 mile zero 

ia altered. Since the point at which the transmitted pulse occurs ig being 
varied the point at which the signals appear is also varied. The distance 
from the centre of the P.P.I. at which signals appear and their distance up 

the height tube trace will therefore change as the settings of these controls 
are altered. As V505 grid is made more positive (clockwise rotation of 
controls), the valve goes into conduction earlier and signals and markers 

form earlier on the sawtooth so mors towards the P.P.I. centre and down the 
height tube trace, If the controls are turned counterclockwise to make V505 
grid less positive the signals and markers forn later on the sawtooth and 
therefore move away fran the P.P.I. centre and up the height tube trace. 
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292. The table above shows that V505 grid is returned to earth potential in 
the switch unit when the scan-marker switch is in the 100/L0 positian. The 
points on the sawtooth at which the 20 microsecond priming pulse and the 
transmitter pulse are formed are then fixed. Assuming a grid base of 2V in 
¥505 and a 150V. sawtooth centred at earth potential, we shall have the sawtooth 
trying to carry V505 grid between +/5V and ~/5V~ W505 will cane into con- 
duction when the grid reaches -2V., ise. after the sewtooth has swung up /3V. 
Hence, the Tx-timing pulse begins about 73/150ths. of the way up the sawtooth 
which has a 1200 microsecond working stroke. The transmitter-timing pulse 
will then form about 73/150ths x 1200 = 584 microseconds fran the beginning 

of the sawtooth. The 20 odd microsecond priming pulse will then bring the 
transmitter pulse shortly beyond the mid-point of the sawtooth. This rerult 
is of interest in Fishpond. The Fishpand zero marker is formed on the back 
edge of the 20 microsecom priming pulse. When the scan-marker switch is set 
to the 100/40 position the Fishpond scan is developed from the 1200 micro~ 
second sawtooth. Since the back edge of the 20 microsecond priming pulse and 
the gero marker are occurring beyond the centre of the sawtooth, the zero 
marker Will appear about $" fran the tube centre. 


223, Since the 10-mile zero and 30—mile zero vary the point on the sawtooth 

at which the 20 microsecond prining pulse forms, they will also shift the 
markers on the Fishpond display. These controls can therefore be used to 
shift the point at which the 20 microsecond priming pulse forms on the sawtooth 
to keep the diameter of the Fishpond zero marker essentially constant as the 
settings of the acan-marker switch are varied. 


22. When the scan~marker switch is in the 100/40-80 position, ‘the grid of 

y505 is returned to +60V. The 150V sawtooth then tries to swing V505 grid 
between —15V and +135V. Since V505 will go into conduction at ~2V the 

' sewtooth will only swing through 135 volts of its 150V swing before V.505 

conductse Hence, the transmitter-timing pulse occurs 13/150ths x 1200 = 100 

microseconds after the sawtooth begins, 1, almost 500 microseconds before 

the mid-point of the sawtooth. We have, seen that on the 100/10 position the 

transmitter fires just after the centre of the sawtooth. For the first 4& 

positions of the scan-marker switch, the transmitter pulse will normally eiso 

be forming very nearly at the centre of the sawtooth. Now we noted in 

Chapter 3 that the height tube shift is set to bring the suppression break 

at the bottem of the height tube. But this 20 microsecond suppression break 

is caused by a second output fron the modulator multivibratore Hence, it 

represents approximately the middle of the sawtooth. If this break appears 

at the bottom of the height tube on the first 5 positions of the scen-marker 

switch most of the first half of the timebase sweep is off the tube. tence, 

when the scan-marker switch is set to the 400/40-80 position and this suppression 

break occurs 500 microseconds earlier, it disappears off the bottan of the tube. 

The first signals that can then appear on the height tube will be those arriving 

just short of the middle af the sawtooth. These will be fram 40 to 50 miles 

aways We thus obtain a range coverage on the height tube of around 4.0 to 

90 miles. The 100/4,0-80 position of the scansmarker switch is therefore used 

when it is desired to pick up haning beacons triggered by the Lucero trans~ 

mittere Since the method of developing the P.P.1I. scan is not designed for 

use with this position of the scansmarker switch, there is no point in discussing 

the P.P.I. display obtained with the 100/1,0-80 position of the scan=—marker 


switch. 


225, It may seem strange that the control which alters the transi tter=tining 
on the 20 mile scen is called a 30 mile zero. This ananaly arises out of the 
fact that older indicetors provided 10, 30 and 50 mile scans, and that Coastal 
Command still uses such indicators with the present switch unite As the 
control originally operated on a 30 mile scan and still does so in Coastal 
Command installations the name has not been altered on the switch uri te 
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Outline of Development of the Modulating Pulse 


226. It has been pointed out that the 1 microsecond modulating pulse occurs 
just after the trigger pulse froam V7 grid causes the trigger gap of the 
spark-gap switch, Ve3 to flesh-over. We shall now consider the development 
of this modulating pulses Fram the circuit diagram, fig. 55 we note the 


following points:- 


(a) We have a -4KV supply (developed by a power pack in the 
modulator) connected in series with a 64. henry choke, a 
six stage L-C. network and a i161 ohm monitor resistor, Re13- 


(b) We have the sparkegap switch V.3, and the resistors R10, R11, 
Ri2 in perallel with the L.C, network and R15. 


(c) In parallel with R10, R11, Rie we have a uniplug pulse-cable 
to the transmitter unit and the primary of a pulse transformer 
of the autotransformer types. 

(a) The secondary end of this pulse transformer is comected to the 
leg of the magnetron transmitting valve heater to which the 
magnetron cathode is strapped. 


(e) A high current diode, VeU.111, in series with suitable resistance, 
is connected across the pulse transformer with the diode anode 
linked to the secondary end of the pulse transformer. In the 
Mark IIC transmitter unit a 4K resistor is used in series with 
the diode anode. In the Mark IIIA transmitter a 325 ohm 
resistor is placed in series with the anode, and a 2/ ohm 
resistor in series with a thermal-relay is placed across the 
diode and its cathode resistor in the bkeITTA transmitter unit. 


227. When the "H.T. ON" push=button is pressed on the switch-unit the ember 
light canes m. After a delay the red light comes up and the main gap, icé. 
the gap between the main electrodes of Ve5, starts flashing provided the 
switch on the front panel of the modulator 6) is dayn. If this switch is 
up V.3 will only show flashing at the trigger gap which will cause a bluish 
glow only in the lower part of V.3 and will cause a weak 670 o/se note. 

When the main gep is flashing a strong bluish glow fills the middle of the 
valve and a pronounced 670 o/s. note is heard. When the red light comes up 
on the switch unit the HeTe supply to the trigger valve is campleted end the 
trigger pulse developed at V.7 anode causes the trigger gap of V.3 to flash 
over at a peref. of 670 o/s. Henoe we obtain the glow at the bottam of the 
valve and the weak 670 o/s. note. : 


928, To understand the cause af the flashing across the main gap when the 
modulator switch is down as the red light comes up on the switch unit, we 
must study the role of the LeC. network across Ve3 and the -4KV modulator 


power pack. 


2296 Te transformer for this power pack is T3- The heater transformer is 
72. When the "LeT. ON" button is pressed on the switch unit the heater supply 
canes one When, following the usual delay after preasing the "H-T. ON" button, 
HoT. is applied to V.7 and the trigger gap of V.% goes into operation, the 
current passed by V.7 energises the 0 relay in the modulator and the contact 
Cat closes. If now the modulator switch, 5.1, is Plicked down, the 80V suvply 
to the primary of T.3 is campleted and the ~4KV supply is developed. Since 
the L.C. network is in series with this -4KV supply, the condensers of the net~ 
work charge through the 64 henry choke. the network is called an artificial 


-line since it exhibits the same characteristics with regard to storing energy — 


and to charging and discharging time as a 500" length of ideal coaxial line 

of suitable dimensions. As the condensers charge up the p.d, developed across 
them is applied across the electrodes forming the main gap of Vej- The voltage 
developed is not, however, sufficiently great to break down the main gap unless 
a spark is first produced at the trigger gap. If we have the trigger gap 
flashing over and then close Se1, the voltage across the main gap will cause 
flash-over each tine the trigger gap flashes overs We then obtain the glow 

in the middle part of Ve3 and the load 670 c/s. note when 3.1 is closed. 


230. When the main gap breaks down, its resistance drops to a few ohms and 
we have the charged artificial line in series with the conducting resistance 
af the spark-gap, the pulse cable to the transmitter unit, and the primary 
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of the pulse transformer. The line, which has stored up energy in the Can-- 
denser, now discharges its energy ina 1 microsecond burst. There is then a 
current flow of 40 - 50 amps. through the pulse transformer primary for 

4 microsecond. The magnetron transmitter valve applies a resistive load of 
around 1,500 ohms across the secondary, iee-, the whole winding. The turn 
ratio is such that this resistance. looks like about 74 ohms on the primary side. 
Hence the artificial line discharges a 1 microsecond burst of about 40 ~ 50 
ampse through a useful load of about 74 ohms. The voltage appearing across 
the pulse transformer privary is then of the order of 74 x 50 = 3+ /KVe The 
sense of the current flaw is such as to make the earthy emi of the transformer 
the high potential side. The tapping point is then taken up to a potential 
of up to <3- /KV> Te turn ratio is such as to step this up to about 14KV 
across the secondary. The magnetron cathode is therefore taken suddenly fran 
earth potential to about -14KV when the trigger pulse from V./ anode breaks 
down the trigger gap» At the end of 1 microsecond the artificial line has 
campleted its discharge and the magnetron cathode returns to earth potential. 
Wwe thus hold the magnetron cathode about 14KV negative to earth for 1 micro- 
second every time the trigger pulse fran Ve7 anode appears on V3 trigger 
electrode. This gives us our 1 microsecond modulating pulse just after the 
back edge of the 20 microsecond modulator primary pulse developed by the 
modulator multivibrator. If the modulator mulLtivibrator is synchronised by 
the transmitter-timing pulse, the modulator pulse will have a peref. of 670 c/s. 
4eee, the same perf. as the timebasee If the modulator is free-running the 
modulating pulse will have the same perf. as the modulator miltivibrator and 
will not be locked to the timebase. 


231. If the blue Pye lead carrying the tranamitter-timing pulse is discon- 
nected the sparkegap will continue to operate but the peref. note of the gap 
will drop indicating that it is now operating at the lower, free-running peref. 
If the peref. control setting is now yaried the changing peref. can be detected 
by listening to the change in the peref. note of V-5- Whether or not a normal 
transmitter-timing pulse will synchronise the modulator multivibrator depends 
on the setting of the perf. control. If this is set for a peref. above that 
of the master multivibrator synchraisation is obviously impossible. 


232, The control shows red, yellow and blue dots. Synchronisation should 
be obtainable in a normal set when the ratchet is set within + or = 3 notches 
of the red dot but this will not always be the casee If the contral is set 
for a high peref. and high note fron ¥e3 and then adjusted to lover the pitch, 
the point at which stable locking is obtained can readily be observed as the 
pitch of the note then changes noticeably. The control should be set back 


3 notches beyond the locking point. 


Development of the Transmitter Pulse and Behaviair of Magne trons 


233, Transferring our attention now to the actual transmitter valve stage, 
we note the following points:~ 


(a) The magnetron transmitter valve is actually a diode with its 
anode earthed and its cathode strapped directly to one side 
of a heater. This heater has its own heater transformers 


(b) No tuned circuit is apparent. 

(c) Examination of an actual transmitter unit will show that the 
magnetron is placed between the poles of a powerful permanent 
magnet. 

(a) The magnetic field appears to be along the axis of the 
cylindrical anode of the magnetron. 

(e) The magnetron is provided with cooling flanges and a 
blower motors 

(¢) The output from the magnetron in 4 Mark TIC installation is 
taken fran the internal cavity by means of a probe projecting 
into a coaxial line. . 


C.D. 0896L 


(g) The output fron the magnetron in a Mark IIIA (TR-3555) 
transmitter unit is taken from the internal cavity by means 
of a probe extending into a waveguide. 


(nh) The feed to the scamer is by coaxial feeder in the He2.5. 
Mark IIC installation and by waveguide in the Mark IITA 
installation. 

(4) The feed through the scanner is by a coaxial feeder with a 
capacity joint in Mark IC and by waveguide with a rotating 
joint in Mark ITIA. " 


(3) The actual radiator is a waveguide terminating in a horn in 
both installations. 


23h. The magnetron as used in these installations is essentially a form of 
cavity resonator. When the 1 microsecond -14KV pulse is applied to the 
cathode we have 14KV. between the cathode and earthed anode. There is then 
intense emission from the cathode but the presence of the magnetic field forces 
the emitted electrons to traverse complicated paths in the honeycamb structure 
that forms the interior of the cavity. We may regard these oscillating 
electrons as exciting the cavity and causing the development of an intense 
electro-magnetic field inside ite A loop projecting into this field, but 
insulated fran the earthed cylindrical anode along its output lead, will have 
induced on it a voltage at the frequency of the oscillations in the cavity. 

If this loop is linked to the inner of a coaxial line whose outer is earthed 
the RsF. cutput will be transmitted along the coaxial line. If the loop 
terminates in a probe projecting into a waveguide the probe will act as an 
aerial and launch a wave into the guide. 


235. Since we have an oscillating electromagnetic field developed inside 

the magnetron, the magnetron canbines the functions of a transmitter valve and 
oscillatory circuit. Obviously, the first consideration will be the power 
output obtainable from the magnetron. We could specify efficiency instead of 
power output since we supply only a fixed amount of power in the 1 microsecond 
modulating pulse. How mich ReF. power is developed by the magnetron depends 
on its efficiency. The actual power supplied to the magnetron in the modu- 
lating pulse is 125 ~ 140 KeWe, ieee, about 9 - 10 amps. at around 14 KV. How 
much power appears at the aerial will depend on the conversio efficiency of 
the magnetron and the matching of the magnetron to its output circuits. 


236. The maximum R.P. power output is not, however, the sole consideration. 
Depending on its internal structure and operating conditions a magnetron may 
show:- | 


a) Moding. 
Bb) Frequency splitting. 
oc) Frequency pulling. 


By "moding" we mean operating at random on two different frequencies. That 
is, sane bursts may be at one frequency, and others at an appreciably different 
frequency.e If the local oscillator is tumed to beat with one of these so as 
to develop the frequency to which the I.F. amplifier responds, the other fre- 
quency may develop a beat which will be outside the pass-band of the I.F. 
enplifier. "Rrequency splitting" involves the simultaneaus development of 
two different frequencies. The I.F. amplifier may only be able to amplify 
the beat note developed by one of these. "Yrequency pulling" means that the 
frequency developed by the magnetron when the installation is lined up may vary 
with any variation in the impedance presented to the magnetron by its output 
system. What the radar mechanic must aim to achieve is the maximm output 
that can be obtained under operating conditions that will produce a single 


stable frequency. 


237+ We shall now consider that factors influence the frequency developed 
by magnetrons, their frequency stability, and the power radiated fran the 
scanner into space. The chief factors which have a bearing on these points 
arei-~ 

| (a) The physical dimensions and structure of the cavity. 
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= The strength of the magnetic field. 

The amplitude and shape of the modulating pulse applied 

to the cathode. 

(a) The load presented to the magnetron by its aitput circuits, 
iee., the feeder, waveguide and scanner. 

The emission of the magnetron. 

The leakace resistance of the magnetron. 

The imner surface of the waveguide feed. 

The cleanliness of the perspex cupola. 


sim Oo 


238. The physicel dimensions of the cavity determine what range of fre- 
quencies any particular magnetron will be able to develop under all possible 
operating conditions and fixes the frequency band for which any particular 
magnetron is suitable. ~ The dimensions of the CVe64 used in He2.S. Mark IIC 
are such as to give a wavelength in the vicinity of 9.1 cms. The dimensions 
of the CV.108, CV.208 and 725A used in He2eS- Mark IIIA are designed to develop 
& wavelength in the 3.2 cm. regione The design of the internal cavity has a 
significant bearing om the frequency stability and efficiency of the magnetron. 
The CV.64 will provide outputs of 35 — 55K at around 9e1 anse The CV.108 
will develop about 18 KW. and the CY.208 about 25 KW. at around 3.2 cma. The 
CY. 208 may show frequency pulling and sanetimes frequency~splitting. The CV. 64 
and CV.108 may show both moding and frequency pulling. 


239. Magnet field strength appears to affect the particular frequency range 
over which any particular magnetron will operate with reasmable efficiency 
and also the frequency stability, i-e., the tendency for the frequency to remain 
fixed under a range of loading conditions. When magnets fall below a certain 
minim value the efficiency and hence the output will fall sharply and the 
frequency may be unstable. For He2eSe Mark IIC the strength of the magnet 
should not be less than about 1250 gauss, measured with the magnet in position 
on the chassis and the cover on the transmitted unit. For He2eS» Mark IIIA 
the strength of the magnet should be at leest 2500 gauss with the magnet on the 
chassis and the cover on in the TR. 3555 sertes transmitter units. In the 

FR. 3523 transmitter units the strength should be at least gauss. 


2,0. When we came to the modulating pulse we must consider the effects of 
‘oth amplitude and pulse shape. ‘The emplitude will effect the efficiency 
considerably and may also influence the frequency developed. Changing the 
modulator used with a given transmitter unit calls, therefore, for a check af 
the RF. alignment of the transmitter unit. {ie shape of the modulating pulse 
will have an appreciable bearing on frequency stability end hence on the con= 
version efficiency at any particular frequency. For frequency stability it 
is essential that the modulating pulse have ea very steep edge and a flat top. 
The rise to maximm should occur in 0-1 microseconds. The maximum emplitude 
should be maintained constant within +5% for the pulse duration. Decay to 
zero should occur in not more than 0.4 microseconds. 


2h. + The load presented to a magnetron by {ts output circuits effects fre- 
quency, frequency stability, and conversion efficiency. We know that any 
oscillatory system will oscillate at a frequency which makes its reactance 
zero. ‘This reactance will be the resultant value obtained by cambining the 
reectance of the oscillatory circuit proper and the reactance coupled into it 
when the cutput circuit is attached. The frequency at which the magne tron 
oscillates will then vary if for any reason the output circuits present a 
changing reactance to the magnetron In this way frequency pulling becanes 
possible. If the dimensions of the cavity and the elements in the output 
coaxial or waveguide feeder system are sufficiently modified by temperature. 
changes there may be @ progressive frequency shift. If the perspex cupola 
is assymetric, there may be changes jin the reactance coupled back into the 
magnetron at different points in the rotation of the scannere This reectance 
change may result in frequency pulling during part of each revolution of the 
scannere Since the beet frequency resulting from the mixing of the L.O. 
signal and RF. signal is then not equal to the IeF., radial paps will appear 
on the P.P.I. display- These will coincide with those points on the scanner 


rotation where frequency pulling occurs. 
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242. When an oscillator tank cirquit is coupled to an aerial circuit the 
resonant frequency of the entire system may show zero reactance for two tuning 
positions of the aerial circuit. The transmitter may then show the phenanencn 
of frequency jump, icee., the aerial may radiate on either of two frequencicese 

The difficulty can be evoided by using @ light coupling which will, of course, 
reduce the energy transferred fran the transmitter to the aerial. To achieve 

a frequency response curve that has only a single peak, i.e., frequency stability, 
it is necessary to reduce coupling and sacrifice output, iee., efficiency. This 
same conflict may appear in the He2«S- transmitter. We have already spcken of 
the double frequency problems of moding and frequency splitting. These problens 
are most likely to appear when a magnetron has been matched to its output circuit, 
4e@-e, when the power output is at maximm. In lining pp an HeeS. transmitter it 
may, therefore, be necessary to depart from the setting of the matching adjust- 
ments which gives maximum power output in order to obtain a greater measure of 


frequency stability. 


243. Tne gain in frequency stability at the expense of output power applies to 
the problea of frequency pulling as well as those of moding and frequency 


splitting. 


244. The magnetron emission, j.e., the magnetron current for a given modulating 
voltage, also plays a part in the efficiency and frequency stability of the Heces. 
transmitters As the emission falls the frequency stability diminishes and the 


efficiency falls. 


245. When a magnetron starts to go Hsoft", LeGe, the insulation from either 

side of the heater to the anode (earth) starts to go down, the resistance it 
presents to the pulse transformer secondary alters. The turn ratio is then no 
longer correct for the transformation of the magnetron hot impedance to a value 
that matches the characteristic impedance of the pulse cable. Part of the 
energy fran the artificial line will then be reflected and only part applied to 
the magnetron. The power output therefore falls. A succession of reflected 
pulses will then travel along the pulse cable causing a series of weak magnetron 
pulses. These pulses may be seen as a block of constant amplitude pulses in 

the height tube inmediately after the suppression break when a4 magnetron is going 
softe If the pulse transformer or filement transformer insulation is going down 
a similar indication may be observed since these defects also cause a mismatch 
and result in similar reflections on the pulse cable. The pulses will continue 
until the voltage developed across the spark-gap by the artificial line is not 
sufficiently great to keep the gap in an ionised or conducting state. 


246. If the magnetron emission goes down its effective resistance increases 
and mismatch. Conditions arise which will cause the reduced efficiency 


mentioned aboves 


2n7¢ If dirt or moisture appears on the surface of the waveguide and horn 
radiator in the Mark IIC scanner, or the imfer surface of the waveguide feed a 
radiating system in the Mark ITIA scanner, considerable attenuation will take 
piace. The power output will therefore fall off. These effects becane more 
serious as the wavelength becomes shorter. 


2,8. Oil, dirt, etc.e on the perspex cupola can likewise cause heavy attenuation 
of the ReFe beam during its passage from the mirror out into space. Due to the 
reduction in power actually going out in the beam the returns will then be weake 


Shaping of the Modulating Pulse 

249. So fer we have not discussed the function of the diode and resistance 
comected in series across the pulse transformers The function of these can~ 
ponents is to prevent spurious triggering of the magnetron after the modulating 
pulse has been completed. To appreciate how such triggering could occur we 
must consider the pulse transformer at the instent the current pulse delivered 
by the artificial line 43 starting to decay- A certain amount of energy will 
be stored in the magnetic field surrounding the primary. as the current from 
the artificial line decays the collapse of the magnetic field will cause ringing 
at a frequency determined by the Sndnetance and self-capacity of the transformer 


The first positive overswing carmot cause magnetron triggering as the cathode of 
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the magnetron is being carried positive to the earthed anode. The following 
negative overswing will, however, tend to couse the magnetron to radiate a 
second burst shortly after the first. Further negative overawings may cause 
additional rediation. ‘These spurious pulses will tem to result in a main echo 
with feeble echoes tagging along behind it. The effect om the P.P.I. display 
will be to swamp the receiver by means of transmitter break through after the 
suppression ends and thus greatly reduce minimm range. These spurious pulses 
will appear on the height tube as a series of pulses of diminishing amplitude 
directly after the suppression break if the diode or the series resistance is 
faulty- This indicatim should not be confused with that produced by a*soft" 
magnetron or & feulty pulse or filament transformer which appears 45 & series 
of constant amplitude pulses. 


250, Tf the diode and series resistance are functioning, the positive overswing 
carries the diode into heavy eurrent and puts the low conducting resistance of 
the diode in series with the relatively low associated resistance across the 
transformer. ‘Thies serves to damp the ringing so heavily that it dies cout wi th- 
out developing en amplitude capable of causing any material pulsing of the mag- 
netron. The first negative overswing camnot, however, be fully damped out, 

and receiver suppression mst be adjusted to contime through this period if 
breakthrough is to be prevented entirely. 


251. If the emission of a magretron is falling and the-resistance it impresses 
across the pulse transformer is high, the voltage across the seconfery may be 
so high as to cause arcing in the diode. This arcing may also appear pefare 
the magnetron emission has reached its full value when 6 cold set is first 
switched on. Such arcing in a set which has had time to werm up should put the 
magnetron immediately under suspicion. The diode itself may, of course, be 
faulty. Mis can be checked by first changing diodea. 


252. If the aluminium spray on the ends of the 4K. resistor (used in Mark Tic) 
flakes uff and a high resistance contact. develops between the resistor and the 
metal grip, the effective resistance goes up to such 4& high value that damping 
of the pulse transformer ringing becomes negligible and the series of spuricus 
pulses with diminishing amplitude shows up on the heignt tube. 


fhe Modulating Pulse Current Monitor Point 


253. On the front of the modulator 64 panel are two brown am white Pye plugs. 
Examination of the cirouit diagram, fige55, shows that these plugs are strapped 
and tapped in between the artificial line and the 1.1 ohm monitor resistor. 
Sooping at either of these plugs will show the waveform developed across the 
resistor by the current discharged from the artificial line during the mod-~ 
lating pulse. The amplitude of this waveform can be measured in volts, by means 


of the calibrated Y-shift on the Monitor 28. Since E = IR, I= RTT would 


give the current which flows out of the line. Treating the 1.1 ohm resistor 
as 1 olm we can say that the current in amperes is given approximately by the 
amplitude measured on the Monitor 28 in volts. 


The Modulating Pulse Voltage Moniter Point 


254. The modulator 64 panel also shows a blue and white monitor point. Frem 
a circuit diagram it is apparent that this plug is tapped between Reii and R12 
in the resistance chain between the spark gap and earth. Bot R10, Rei1 and 
Ret2 are in perallel with the pulse cable and the pulse transformer primary - 
Hence the voltage across R10, Reii, Rei2 must be equal to that across the 
pulse transformer primary while the artificial line is discharging. The 
voltage developed acrosa R12 will be 150/9550ths. or about 1/64th of the total. 
Henoe, by measuring the voltage developed across R12 at the blue and white 
monitor plug on the Monitor 28 and multiplying by 64 we have the approximate 
amplitude of the voltage output fram the modulating line. This will be of the 
order of 3 5KV- The normal pulse will show as & negative-going pulse with a 
slight heavily damped positive overswing and a smaller negative overswing» 


255. Since the pulse transformer is an auto-transformr and does not, therefore, 
ceuse @ phase inversion, the waveform at the voltage monitor point will be in 
the same phase as that at the magnetron cathode. Any ringing due to a faulty 
diode or 4K. resistor will then appear at this point es a series of reais 
following the initial negative-going pulse. If a faulty magnetron, se 
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transformer of filament transformer is resulting in a mismatch *o the pulse 
cable ani consequent reflections, the reflected pulses can also be seen in 
their appropriate phase at this point. Scoping at this point on daily 
inspection will therefore give a convenient check as to whether or not all is 
well in the overswing diode, pulse transformer, filament transformer ard mMeg@- 
netron. Scoping at the current monitor point will serve the seme purpose but 
will show phase=-reversed waveforms, 


The Modulator Overload Trip safety Circuit 


256. To prevent damage to the modulator power pack due to any form of overload 
resulting from a fault in the modulator or transmitter unit, an overload relay 
is included in the modulator. This is relay A in the modulator 64. The 
associated safety circuit is shown in fige62. R-8, across the relay solenoid, 
ia in series with the earth line, and the power pack. The voltage developed 
across the solenoid by the normal mean current is not sufficient to energise 
the relay. The appearance of any fault which results in any appreciable 
increase in this mean current will reise the valtage across Re& sufficiently 
to energise the relay. ‘The safety valve, Ve, in the modulator, is then 
brought into operation and relay B is energised This results in cutting off 
the HeTe supply to the trigger valve. Relay © is then de~energised and the 
8Oy AeC. input to T.3 is broken and the rectifier taken out of operation. 

When the safety valve has completed its cycle the trigger vaive cames back on 
and the supply to T-2 is again canpleted. If the fault has disappeared the 
equipment will now operate normally. If the fault persists the overload relay 
will again be energised end the cycle will be repeated. 


257. The details of the sequence of events are tabulated belovr:- 


(a) When an overload energises A relay, contact A/i in the grid 
circuit of Vel opens. This removes the negative bias fran 
the grid and the valve passes current. Relay B in its anode 
circuit is then energised. 
(b) When relay B is energised the contacts B/1 and B/2 are operated 
(4) B/1 breaka the +500V supply to the trigger valve Ve7- 
This results in a cessation of spark-gep operation al 
henoe of transmitter operation. Also, since Ve7 is 
not passing current, C relay is de-energised. 
(ii) 3/2 connects the feedback condenser, C.5, between the 
anodes and grid of Vele 
(c) When C relay is de~energised C/1 opens and the 80V input to Te5 
primary is broken so the ~4KV bower pack ceases to operate. 
This, of course, removes the current through A relay solenoid 
which caused the original tripping and A relay is de~energised. 
(a) When A relay is de-energised 4/1 closes and recomects the 
negative bias to Ve4. grid which tends to cut the valve off. 
Due to the presence of C.5 between anode and grid the attempt 
of the anode potential to rise tends to carry the grid with it 
and thus delays cut-off and makes the deoay of anode current 
. In about 10 seconds the decay will have proceeded 
far enough to make B relay de-ensryise. 
(e) When B relay is de-energised B/2 switches C.5 out to restore 
the safety valve clrouit to its normal state and B/1 reconnects 
the 300V supply to V-/- 
(f) The renewed flow of current in Ve/ agein energises C relay and 
C/1 closes, 
(g) The closing of 0/1 restores the B0V AeCe input to Te3 primary 
and the =4KV pack goes back into operation. 
(nh) The circuit is now fully operational againe If the fault has 
been cleared normal operation is resumed. If it still persists 
A relay will trip again and the same cycle will repeat. 
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The Mark IfC Feeder System 
258. Examination of a Mark TIC inatallation will reveal the following points:- 


(a) Projecting fron a glass seal passing into the cylindrical cavity 


(b) 


(c) 
(4) 


(e) 


(f) 


(g) 


(h) 


(4) 


(3) 


of the CV¥.64 magnetron is a metal probe. The other end of this - 
probe terminates in a loop whose end is tied to the earthed anode. 
The oscillating RF. field that appears in the cavity during the 

4 microsecond modulation period induces 4 voltage on the loop. 

The potential of the output end of the loop, iee-, the probe coming 
through the glass seal, then rises ani falls sinusoidally with 
respect to sarth at the radio frequendy of the cavity oscillations. 
This probe fits into a flexible section of the inner of a coaxial 
line whose outer is earthed. The RF. voltage then appears between 
the immer and outer of the coaxial line which terminates at an 
output plug on the panel of the transmitter unit. 

In this section of coaxial line 4a an adjustable quarter-wave 


‘matching slug which is merely a section of metel cylinder sliding 


on the inside of the outer of the coaxial line. 

Passing fran the output plug to the scanner Type 63 is a dielectric- 
filled high power feeder which terminates in a plug at the scanner. 
Tf the scanner is stripped down it will show a further section of 
coaxial feeder clamped rigidly where it enters the scamner by means 
of a suitable clamping band. This feeder section terminates in 
the fixed part of a capacity joint show in figs63. 

Fitting into this fixed section of the capacity joint is another 
suitably designed section of the coaxial feeder. At the high 
frequencies involved the narrow air gaps are as effective as an 
actual metallic contact but provide relative movement between 

the two sections which are coupled capacitively across the air 
gaps. We thus obtain electrical contimity at the redio 

frequency in a rotating capacity joint. 

Te rotating member of the joint passes up through a tube which is 
attached to the rotating member of the scammer main bearing. The 
free end of the tube is segmented into six tapered seotioss. A 
tapered locking mit screws up over this end. As this not is 
tightened up the feeder seotio passing up through the tube is 
gripped firmly and held properly control with respect to the fixed 
section of the capacity joint. ‘the feeder section thus gripped 
rotates with the motor-driven mirror 

Te rotating section of the feeder passes through the back of the 
mirror ani terminates at a plug on the side of a section of 
rectangular waveguide. The inner of the line, embedded in poly~ 
strene, projecta part way across the narrow dimension of the 

guide. This projection serves to launch the RF. energy into the 
waveguide in mich the same way 48 4n aerial launches RF. energy 
into free space. An electromagnetic wave guided by the walls of 
the guide, travels towards the mouth of the guide. To avoid heavy 
reflections at the guide mouth where the wave must pass from its 
guided form into the free space form, it is necessary to have 

the guide mouth suitably flared. | 

The flaring at the emi of the waveguide is called a4 sectoral horn. 
The shape and dimensions of this horn and its position with respect 
to the focus of the paraboloid mirror play a large part in the polar 
diegram of the transmitted beam. <Any damage to the horn or to its 
supports may therefore be expected to upset the shape of the He2.5- 
pes. 

The wave radiated fran the horn mouth will have the E vector acrosé 
the narrow dimension of the horn, isée, in the horizontal plane. 
The He2eS. vdeam is therefore horizontally polarised. The azimuth 
beam width of the main lobe for the type 63 scanner is about 8°. 
Returning to the trenanitter wiit we note that between the slug 
and the output plug a brench line comes off at right angles to the 
coaxial output line. This line passes to a CVekd T.Re switch 
which flashes over when the magnetron pulses. When the CVE 
flashes over the result is to practically short the branch line ax 
oda mmber of quarter wavelengths fran the junction. ‘The branch 
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line then presents a high impedance at the junction when the 
transmitter pulses and there is no appreciable flow of energy 
dow the branch line. This branch line is actually the receiver 
charmel through which received signals pass to the orystal mixer 
chamber through the CVe435 TeRe switch. 


259. Having noted the channel along which the ReF. pulses developed by the 
CV.64 must travel, we must now consider the functions of the matching slug. For 
the maximm transfer of energy from the magnetron cavity out into space we must 
arrange thats- 


b) ‘The magnetron is matched to the feeder and the feeder to the array. 
c) The flow of RF. energy down the branch line is kept down to 
a mininun. 


5 Resistive losses in the feeder system are kept to a minimum. 


260. To minimise losses the following simple precautions are necessary:- 


(a) Ensuring that the output probe of the CV.64 is properly fitted into 
the flexible inner section of the coaxial output line and has not 
pushed the flexible line to one side. 

(>) Ensuring that the plug camections are tight at both the scanner 
and the transnitter unit. | 

(c) That there is no accumulation of dirt or moisture in the 
waveguide radiator to cause attemation. 

‘3 That the perspex cupola is free fran dirt and oil films. 

That starding waves be kept down to the minimm throughout the 
feeder system. 


Should sparking be occurring in the plugs due to poor contacts, or at a faulty 
contact between the CV.64 output probe and the flexible inner link, the effect 
will be, not only to reduce output due to losses, but to greatly increase noise. 
On the P.P.I. displey this will appear as flashing or spoking, that is when the 
gain is high enough to bring up signals the high noise level will brighten up 
the full timebase sweeps. 


261. The problem of minimising standing waves in the feeder system involves 
seme fonn of matching wherever a discontimity occurs. Most of these points 
are taken care of in the actual design and do not call for any adjustment by 
the radar mechanic. , 


The Mark IIC RF. Output Matching 


262. Camplete presetting of the magnetron matching arrangements is not, however, 
possible as magnetrons differ in the impedance they present to the feeder system. 
We may then regard the problem as a matter of transforming the impedance of the 
high power feeder at the transmitter unit output plug to a value at the magnetron 
that matches the output impedance of the magnetron. If we assume that the 
feeder offers a purely resistive impedance, the length of coaxial between the 
plug and the quarter-wave slug transforms the characteristic resistance to a 

new value depending on the length of line. The quarter-wave slug has itself 
some characteristic impedance determined by its diameter and the diameter of the 
common inner. Let us asewne the value is Zp and the impedance presented to the 
plug side of the, plug is 24. This impedance will be transformed to same value 
given by Zo = ©/Zs if the frequency of the signal is such as to make the slug 

& quarter wavelength. This impedance value ia again transformed by the Line 
section beyond the slug to a value determined by the length of this section. 

The poeition end range of movement of the glug have beer so chosen that by moving 
4+ through its travel a point can be found where the resistive component of the 
impedance presented to the normal magnetron matches the hot impedance of the 
magnetron. If the impedance presented to the magnetron also includes reactance 
the effective reactance of the oscillatory system is not the same as it would be 
if the impedance presented were purely resistive. The frequency of the 
oscillations is therefore modified to a value where the net reactance of the 
system is zero. ts the position of the matching slug is varied the power output 
fran the horn radiator will inorease as the resistive mateh is improved. At the 
same time frequency changes may appear due to changes in the reactance coupled 
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back into the magnetron oscillatory cireuit. For certain slug positions & 
small change in position may result in appreciable frequency changes. This 
position may, in some cases, coincides with the position for maximm power output 


and maximum signal amplitude. 


263. If, with such a setting of the slug, the standing wave in the cupola due 
to reflections fran the perspex and parts of the fuselage differs at different 
points in the scammer rotation the reactance coupled back into the magnetron may 
vary appreciably during the scanner rotation. The result will be frequency 
pulling which will result in signals returning on different frequencies during 
different parts of the scanner rotatione This, in turn, will result in radial 
fades or gape as the I.F. developed in the mixer will not be constant and may 
swing in and out of the pasa~band of the I.Fe amplifier. Altering the Le Ge 
tuning may then alter the portions af the scammer rotation where the I.F. output 
fran the mixer is within the I.F. emplifier pass-band. fhe radial gaps will 
then shift. If the pulled frequency is outside the pass-band of the CV+45 this 
gap shifting by the L.0. tuning will not occur. 


2642. ‘The tendency for small changes in the reactance at the scamer end to be 
transformed into appreciable reactance changes (and hence frequency ghanges) at 
the magnetron, depends very largely on the position of the matching sluge 7 
During portions of its trevel the result will be mainly to alter the resistive 
match without coupling back much reactance. In this range the power output 
will change without any appreciable frequency change occurring. The best 

osition of the matching slug is therefore a position where the slug can be moved 

inch either way without altering frequency much while at the same time not 
sacrificing power output by mare than is necessary to ensure reaspmable frequency 
stability. With a good megnetron, good magnet, and satisfactory modulating, 
pulse, it should be possible to find a matching slug position that permits dis- 
placement of the slug by + or ~ 4 inch without causing frequency changes of more 
than + or - 4 Mc/s. and without reducing power output by more than 10 = 20% of 
the maximum value. If the LC. is not returned am the amplitude of signals . 
does not drop by more than 50% as the slug is moved + and = = inch, the megnetron 
frequency change is less than 4 Mc/se With such a setting gapping should not 
oceure If the magnetron emission falls, magnet strength goes below about 1250 
gauss, or modulating pulse has inedequate emplitude or poor shape, the occurrence 
of radial gaps or fades will be mich more likely. 


265. Although more clearly allied with the receiver chain it may be instructive 
to consider at this point the relation af the matching slug to returned signals. 
These signals pass down the waveguide, through the capacity joint, and along the 
high power coexiel feeder to the transmitter unit. Fron the ReF. plug they pass 
to the coaxial line in the unit. At the junction of the branch line the incaning 
signal has the choice of two peths. ‘The first of these is straight ahead toward 
the magnetron and the second is down the brench line. As the impedance of the 
cold magnetron is almost wholly reactive, the flow to the magnetron is reflected 
and thia reflected wave may interfere with the wave flowing directly into the . 
receiver branch line. Such interference will be minimised if the position of the 
matching slug so modifies the phase of the reflected wave 65 to bring it into 
phase with the direct wave. Wwe say the slug has then transformed the cold 
megnetron impedance to a high value at the branch line junction since the effect 
is the same as if there hed been no floy to the magnetron due to a high opposing 
impedance. As the setting of the slug is varied to match the hot impedance of 
the magnetron to the output system, the cold impedance presented at the branch 
line junction will also vary. It may be found that maximm output will occur 

at a slug setting thet will permit an appreciable interference petwern the wave 
flowing directly into the branch line and the wave reflected from the magnetron. 
Prectice im the past in Bonber Command has therefore been to adjust the slug on 
the ground for maximm permanent echo signal output fran the receiver as observed 
on the Monitor 28. This method is open to the objection that such a method of 
setting may leave the slug ina position where small changes in the reactance 
coupled back into the magnetron may cause an appreciable change in the magnetron 
frequency: Alternatively, small changes in supply voltage causing changes in 
the magnetron emission or in the modulating pulse amplitude, may also cause un- 
stable frequency conditions. What constitutes the most reliable way of obtaining 
the best campramise between frequency stability am strength of returned signeis 
remains one of the uncertainties in the use of the transmitter unit employed in 


the various He2eds instailations.- 
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266. To ensure that the flow of RF. energy aown the receiver branch line is 
kept to a minimum during transmittion it is only necessary to ensure that the 
CV.43 TeRe switch is functioning properly- Fuller details of this valve will 
be given when dealing with its functions in the receiver chain. Its functions 
in the transmitter chain is to flash-over when the transmitter pulse canmences 
and thus meke the branch line appear effectively a shorted quarter-wave stub at 
the junction with the main line, ths reducing to 4 trickle the energy flow 
down the branch line while the transmitter pulses. This flash-over will occur 
esrlier in the transmitter pulse rise and will develop a more effective short 
wnen the CV.43 resonant cavity 45 tuned to the same frequency 48 the magnetron. 
Hence, CV.435 tuning has a bearing on the transmitter output radiated fran the 
scammer. ‘The losses down the branch line are, however, more significant fram 
the standpoint of damage to the crystal than fran the standpoint of reduced range 
due to reduced power output. 
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The Mark IITA Feeder System 


267. ‘The Mark IXIA feeder system is much more elaborate than that used in 
Mark IIC for the following reasonsi- 


(a) In the 3 am. band dielectric losses in coaxial feeders becane so 
greet that it becames necessary to devise some fom of tranemission 
chamel to the scanner that introduces a much lower attenuation. 
The only form of transmission channel capable of meeting this 
requirement is a waveguide system. 

(>) Propagation in waveguides can take place by means of different modes, 
iee., different electromagnetic field patterns, which will behave 
differently at discontimities, bends, etc. with regard to the 
introduction of standing waves. Standing waves may result in 
voltage maxima of such amplitudes that corona discharges may develop 
across the guide. Such discharges will cause large energy losses 

_ and will develop noise. It becanes necessary, therefore, to use 
mode filters at various points to cut out unwanted modes which will 
introduce unwanted standing wavea and unwanted losses. 

(c) To prevent the appearance of unwanted modes a3 much as possible and 
at the seme time carry the energy around bends, across 4 vibrating 
joint, and across a rotating joint, it is necessary to use both 
circuler and rectangular guide sections. The transitions from one 
to the other call for suitable matching adjustments. 

(a) To operate with a common T and R array we require :~ 

(i) Matching adjustments to match the magnetron to ita 
output sys tem. 
(41) Adjustments to match the common array to the receiver 
chamel. 
(441) To transform the cold impedance of the magnetron to a 
high value at the receiver branch line junction. 


It is these matching adjustments with which the radar mechanic will be primarily 
concerned. The various mode filters and fixed matching adjustments are of 
interest to the acientifically-minded mechanic but are not a major concern. 


268. Examination of an He2eSe Mark IIIA installation fitted with a transmitter 
unit of the TeRe3555 series will reveal the following pointsi-. 


(a) the oscillatory voltage developed in the magnetron cavity is 
Sncuced on a loop inside the cavity. One emi of the loop is tied 
to the earthed anode and the other canes out as a probe inside a 
glass seal. 

(b) The probe of the CV.108 terminates in a rounded knob which projects 
into a ciroular guide section. he rounded knob is used to prevent 
sparking across to the guide wall, The CV¥.208 probe differs fron 
thet of the CVe108 in that it is not rounded at the end. AS an 
alternative method of preventing sparking or coranaé discharge the 
glass seal is extended to enclose the entire probe. For both valve 
types the guide is held atationary with respect to the magnetron by 
means of a suitable locking ring arrangement. The RP. energy is 
launched into the circular guide section fran the end of the probe 
in sqmewhat the same way as energy is launched from an aerial into 
space. 

(c) In the earlier units in the T.Re3555 series the two output matching 
adjustments provided consisted of an adjustable shorting pistan in 
the end of the circular guide, ami an adjustable iris between the 
probe and the junction of the circular guide and the rectangular 
guide section into which 4t feedae In same units of the TRe 3955 
series, instead of the piston and the adjustable iris two silica 
tuning probes on an adjustable carriage are fitted to a square 
section inserted in the ciroular guide. ‘the distance that these 
probes project into the guide can be varied. The two adjustments 
then consist in moving the carriage and the position of the matching 
probes and in varying the distance the probes project into the 
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The ciroular guide, instead of being mechanically comnected to 
the rectangular guide, is terminated in a circular flange. A 
short circular section is fitted to the reotangular guide. This 
short section likewise terminates in a circular flange separated fran 
that on the main circuler guide by a narrow air gap. The primary 
purpose of this gap is to allow for tolerances in the dimensions of 
the magnetrons. ‘To prevent escape of RF. energy through this gap 
it must appear to the wave in the guide as if no gap were present. 
To assist in achieving thia result, ditches, a quarter-wave deep and 


 @ quarter-wave out fran the inner guide surface, are cut in the 


lower flange. These serve effectively as RF. chokes. 

The end of the rectangular guide is fitted with a 45° inclined 
plate. fhe purpose of this plate is to take the RF. energy 
aroum the right angle bend without introducing appreciable 
reflections back up the ciroular guide. 

Proceeding along the rectangular guide we note a short rectangular 
branch at the bottan of the guide. ‘The base of this branch is 
shorted. Into the side is fitted a circular section with an ad- 
justable tuning piston. A little gas-filled valve, CV.115, with 
s copper diaphragm sealed into the envelope, is fitted at the 
junction of these circular and rectangular sections. 


A little farther along the guide is the receiver branch line. 

This line inoludes the TeRe switch, CV.114, the crystal mixer, and 
another section of circular guide fitted with a shorted tuning 
piston. This piston and the ons mentioned in (f) are the ReJ. 
input matching adjustments. , 

The rectangular guide, with its narrow dimension vertical 
terminates at the panel of the HF. box. Comnection to the 
scanner type 71 waveguide system is made by means of a eilroular 
section of flexible rubber guide. sO | : 


Te rubber guide section feeds into a further rectangular Bection 
that feeds into a circular seotion at right angles to ite A 
perspex seal is inserted at the entrance to this rectangular section. 
This seal, together with another near the waveguide horn, forms an 
airtight system which breathes through a drying agent bottle. It 
also prevents any dirt, etc. in the cupaie fran working back into 
the Hee box waveguide sections. ‘The perspex is essentially trans- 
parent to the RF. puises and signals. 


Te circular section into which the rectangular section in (i) feeds 
forms the fixed member of a rotating waveguide joint. ; 


A further section of circular guide, separated by 1 mm. fran that 
in (j), forms the rotating member of the joint. ‘This section 


moves with the mirror as it turns. 
Circular mode filter rings, mounted on trolitul supports, appear 
in each of the oircular sections that form the rotating joint. 


The rotating circular section feeds at right angles into a 
rectangular section with the long dimension cf ita cross-section 


in the horizontal plane. Thissection is taken around a gradual 


bend and terminates in a waveguide union which couples to 4 
further section of rectangular guide. ‘This section contimues the 
pend but is also twisted through 90° to finish up with the guide 
mouth facing the paraboloid mirror with the long dimension of its 
cross-section in the vertical plane and the narrow one in the 
horizontal plane. 

Tie guide is terminated in a sectoral horn, icé., the narrow 
cross-section dimension is kept constant but the long one is 
jnoressed. The wave emerging from the guide has the E vector 
in the horizontal plane, ie, the radiation is horizontally 
polarised. The main lobe of the radiated beam has an 

azimuth width of about 34° in the scanner type 71+ 


Another matching iris is fitted at the back of the horn 
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269. ‘Transmission line and waveguide principles are discussed in Chap.13- 


The Output Contrals of the TRe 3555 Series H.F. System 


270. We have discussed, the mechanical details of the waveguide feeder system. 
We shall now consider the functions to be fulfilled by controls and the controls 
provided to fulfil these functions. In order to obtain the maximum flow of 
energy fran the magnetron output probe along the feeder syatem and out into 
space, we must arrange:— 


(a) That the maximum energy flow leaves the probe and passes into the 
guide. This requires that the output sys tem present to the probe 
a resistive impedame canponent equal to that of the probe. 

(b) That the maximm fraction of the energy launched into the guide be 
radiated into space. This means that we musti- 

(i) Minimise standing waves jn the guide since these represent 
energy reflecting back and forth in the guide system tims 
introducing losses by heating the inner guide surface ant 
by causing corona discharges at points where the standing 
waves show voltage maxima. 

(4i) Bffectively prevent the flow of energy through gaps and 
down parallel branches instead of along the main feeders 


To minimise standing waves it is necessary to arrange that the reactame 
presented to the probe by the output system be equal in magnitude and opposite 

in sense to the reactive component of the probe output impedance. To effec~ 
tively prevent the flow of energy into the branch lines amd geps during the 
duration of the transmitter pulse it is necessary to arrange that these appear to 
present electrical contimuity, ie6+, 45 if there were no gap in the Burfecee 


274. In considering the controls which are adjusted to obtain 4 good Rel. 
output it may. be helpful to consider the transmission line analozys Suppose 

we have an ordinary transmitter which is coupled to an aerial by means of a 
feeder. To get the maximum energy transfer from the tank circuit to the feeder 
the feeder and tank circuit must be matched. This is normally done by sane 
form of transformer coupling. The feeder may be tapped in directly on the 
eoil which then serves as 4n auto-transformers Alternatively, depending on 
the type of feed used at the aerial, it may be preferable to use a secom coil 
coupled to the tank eoil to give a mutual transformer arrangemente In either 
case the turn ratio of the primary and secondary Windings must be given by 


Secondary Turns - 2% Tank Circuit 
Primary Turns ~ ¢ f eeder 


where Z Tank Circuit is the dynamic resistance of the tank cirevnit and 2 feeder 
is the characteristic resistance of tne line. 


272. Matching the tank aircuit to the feeder serves to get the maximum cutput 
on the feeder but does not guarantee that this output is radiated fran the 
aerial. To get the maximum energy radiated the feeder must be matched to the 
aerial. ‘The aerial will present a certain impedance to the feeder at any 
specific frequency: This impedance depends on the aerial dimensions and des igrm 
If the aerial is resonant this impedance will be pure resistances For & non= 
resonant aerial the impedence will contain both resistive and reactive campon- 
ents. To have the ReF. energy travel down the feeder to the aerial without 
reflection, iee., without causing a standing wave on the. feeder, the resistive 
component of the aerial impedance must be matched to the characteriatic resis- 
tance of the line and the net reactance of the system must be brought to zero. 
These two resulta are often achieved by some form of stub-matchinge A tapping 
point is located at which the resistive canponent of the aerial impedance has 
transformed to a value equal to the characteristic resistance of the feeder 
Te impedance transformer is, of course, the length of feeder between the 
tapping point and the aerial. Te reactive canponent appearing at the tapping 
point is then cancelled out by putting a short-circuited or openecirouited atub 
of suitable length across the line at the tepping point. When the two conditic 
of resistive match and zero met reactance have been fulfilied the energy will 
flow from tranaemitter to aerial in the form of & travelling weve. ‘The stendin; 
wave which is produced when reflections occur 45 the result of a mismatch will 
then be absent and there will be no voltage maxima and minima along the main 


feeder. 
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273. Peturning to our HeF. box feeder system we are faced with a similar 

type of problem. There is a difference, however, since the introduction of the 
output probe of the magnetron into the waveguide results in the appeararce of 
both reactive and resistive campments in the output impedance of the magnetron. 
To get the maximum flow of energy into the guide we mist meet the same conditions 
that are necessary to get the maximm_energy rediated fram an aerial. In the 
first place we must match the resistive camponent of the probe's output imped- 
ance to the wave impedance of the guide. The second condition to be met is 

to match out the reactive conpanent of the probe's output impedance. fhe first 
condition calls for same form of impedance transformation and the second for the 
introduction of a reactance which is equal in magnitude and opposite in sense to | 


that of the probe. 


27. To pursue these points further without going into a detailed study of 
waveguides at this point it will be necessary to accept the following points:- 


(a) ‘the term wave impedance is the waveguide term that corresponds 
to characteristic impedance of a feeder» The value of the weve 
impedance depends on dimensions, shape, frequency and the type 
of wave. 

(b) Reactances introduced in feeders cause reflections and standi 
waves but cannot absorb power since current and voltage are 9 
out of phase. In the same way reactances in a guide cause 
reflections and standing waves but do not absorb power. Hence 
when a standing wave appears due to an unbelanced reactive 
component we can effectively eliminate it by introducing sane 
form of reflector that causes a standing wave of the same ampli~ 
tude but exactly in antiphase. The two will then cancel cut 
and we may say that the net reactance isa zero. 

(c) In transmission line matching the quarter-wave tranafommer is 
often employed» This matching device is essentially a section 
of transmission line of a different characteristic impedance 
fran the main feeder, In guides, quarter-wave irises, ics, 
seotions with different dimensions or a different Cielectric 
are often employed. Instead of a different guide section two 
projections into the guide separated by a quarter wavelength may 
be used. If the distance that such a pair of projections extend 
into a guide is made variable, they can serve simuteneously as 4 
quarter wave transformer to obtain resistive matching ami a 
warinble reactance to match out an ummanted reactive camponent. 

(4) Guide dimensions mst be of a certain minimum size before a wave 
can be propagated inside them for any appreciable distance. These 
minimim dimensions are celled the cut-off dimensions. 

(0) ‘The wavelength in a guide depends on the weve type or modes 
For a wave that has a free-space wavelength of 302 aus., the 
wavelength in the rectangular guide is 4-14 ams. ami the wave~- 
length in the circular guide is 5095 cms. 


275. Let us consider now the actual matching adjustments used in the earlier 
HeF. boxes in the TR 3555 series. Principles are discussed in paras. 122/= 
1229. Details are shown in figs.65, 180 and 220. ‘The piston can be adjusted 
to a position where the resistive canpment presented by the probe is trens~ 
formed to a value that matches the wave impedance of the guide. There will, 
however, be a standing wave in the guide seotion between the probe side of the 
iris and the piston. By moving the iris the phase of the reflectia fran 

the iris cen be adjusted to be opposite to that fran the probe. It is not 
likely that complete cancellation will occur due to emplitude differences. 

A readjustment af the piston will now give an improved cancellation of the 
iris reflection. ‘hus, by alternately varying the two edjustments, a can- 
bination of settings can be found which results in the maximum flow of energy 


down the guide system. | 
276. What happens to this energy depends on:- 
Whether the guide is correctly matched at its output end. 


a 
b) Whether there ere losses in gaps and branch lines. 
cy} Whether the successive sectians are matched to each other. 
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The radar mechanic is not in a position to do anything about these points in s¢ 
far as adjustments are concerned, but should be aware of the provisions made a1 
how their failure may result in low output from a good magnetron. 


277+ Matching the waveguide proper to its output stage is done by properly 

locating the guide with respect to the mirror and by suitebly flaring the guide 
moithe Amy damage to the guide that alters its position or distorts the horn 
termination will result in a reduced output and probably in polar diagram dis- 


tortian. 


278 Matching of the guide sectis to one another is done by suitably choosin 
the dimensions used and by introducing fixed adjustments. Suitable filter rin 
are inserted to prevent the passage of unwanted wave types or modes which may 
appear at discontinuities. These rings serve the same purpose as wavetraps an 
filters in the more familiar types cf ReF. circuits. Care must be exercised i 
scammer and HeF.e box maintenance to avoid any distortion or derangement of the 
waveguide feeder system if the fixed matching and filtering devices are to 
function properly. Care must also be exercised to prevent oil, dust, or moist 
from getting into the guide system and causing heavy attemation of the output. 


279. To prevent Re. energy fran flowing into the receiver branch line when 
the tranamitter fires we have a TeRe cell, CV.114, an electricel wavelength up 
the receiver branch linee ‘This cell has a low pressure water-vapour filling 
which flashes over when the cavity is shocked into violent oscillation by the 
energy flowing down the branch line during the first cycles of the transmitter 
pulse. There is then an effective short circuit a wavelength fran the janctic 
of the branch line, and the output line. When the weve reaches the shorted en 
it is reflected and travels back towards the main line. Since it has travelle 
t7o full wavelengths it is in phase with the wave travelling down the main line 
£0 the effect is the same as if there were electrical contimuity straight acros 
the mouth of the branch line. There is then no appreciable loss dow the 
receiver branch line and no interference at the junction. Showld the CV.114 b 
faulty and fail to flash over the transmitter output will obviously be reduced, 
but what is more significant, the crystal will be ruinede — 


280. The purpose of the second branch line may not be immediately apparent. 
Its function is wrapped up with reception of signals rather than transmission. 
Suffice it to say at this point that tuning piston 2 is included so that inconi 
signals arriving at the branch line will see a high impedance in the direction 
the magnetron so will travel down the receiver branch line. Since this branch 
line has been included some provision is necessary to effectively prevent the 
flow of transmitter output into it. The rectangular section of the branch is 
a wevelength long and is shorted at the end, Fitted in the side is an anti- 
TeRe cell, CVe115. This valve is argon-filied. <A copper diaphragm with a 
resonant slot appears half-way down the wall of the wavelength of rectangular 
guide. The C¥.115 mst be inserted to have the slot horizontal. When the 
tranamitter fires the resonant slot ares over to effectively give the wavelengt 
of rectangular guide two contimous sidewalls. the weve then travels to the 
shorted bottam, reflects, ami travels back. As the path traversed down the 
branch line and back is two wevelengths the reflected wave will be in phase wit 
the wave contimuing down the main guide. The result is then again the same as 
if the main guide wall were continous and there were no branch line present. 
Should the CVe115 be left out, faulty, or fitted with the slot vertical, energy 
will flow through the slot and reflect back to arrive in the main line with a 
phase that will depend on the setting of the ‘piston. Tf there is a large phas 
displacenent, the reflected and direct waves and the output will interfere with 
fall. Tuning pistons 2 and 3 are receiver adjustments so will be dealt with — 


in the receiver chain. 


281. The loss of energy at the vibrating joint is prevented by means of the 
quarter-wave ditches at right angles to the E-vector. As the RI. currents 
flow in the guide walls the wave travelling through the gaps will produce a 
certain current diatribution in the upper flenge. On the lower flange the 
currents must travel down the ore side of the quarter-wave slot and up the othe 
so are out of phase by half a wavelength or 180° when they reach the flange 
surface. ‘the fields set up in the upper and lower flanges beyond the ditch ax 
then in antiphase so cancel out. Hence there is no flow of energy out through 


the joint. The ditches thus serve as ReF. chokes. 
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282. To prevent sparking between the pistons and guide walls across the gap 
that must obviously be left to permit pistm movement, the piston faces are 
arranged as shown in fige180. The energy travelling down that side, into the 
a@itch and back again, will have travelled a full wavelength so will be in phase 
with the wave reflecting fraa the piston face. The effect is then the same as 
if the piston face were actually making metallic contact with the guide wall and 


there were no gap at all. 


283. In the latter H.F. boxes of the 1+R.3555 series the iris and tuning piston 
{ are replaced by a moveable carriage carrying two adjustable silica tuning 
probes separated by a quarter wavelengthe As the two probes are discontimities 
‘ae quarter-wavelength apart, we may regard them as forming a quarter-wave matching 
transformer with a characteristic impedance dependent on the distance they pro- 
Ject into the guide. If we start with the probes projecting in about % inch 
and slide the carriage we can find the point that gives the best output down the 
guide. There will probably still be sane unbalanced reactance, i.e, a standing 
wave between the control and the top of the guide. Hy increasing the distance 
the probes project into the guide by — inch and again adjusting the carriage, a 
better setting may be found with a smaller standing wave. By increasing the 
distance tue probe projects into the guide in % inch steps and finding the best 
carriage position it is possible to find the position for maximum power output. 


284. So far we have assumed that the guide is correctly terminated s0 that 
there will be no staniing wave along its length. When setting up with a Test 
Set 205 this will be the case. Actual scammers may not, however, provide this 
correct matche ‘The guide may then show a fairly pronounced standing wave. 

This is equivalent to coupling additional reactance into the magnetron which 
may cause frequency pulling, frequency splitting or moding. In the case of 
the C¥.108 moding is the more camon result and in the cy.208 frequency pulling. 
is the more usual effect. These effects will be most pronounced when the 
heaviest loading is applied to the magnetra, iee-, when the matching adjust= 
ments are set for maximm output. ‘The effect will be unstable returned signale 
din the case of moding, and falling off signals with frequency pulling. The 
unstable signal strength results from the fact that the one mode of oscillation 
may give a signal which canes within the I.F. pass=band after beating with the 
LQ. signal while the other mode resulta in 4n IeF. signal near the edge or 
outside the I.F. pass=<band. To prevent frequency pulling or moding it ia 
necessary to reduce the loading on the magnetron by introducing a deliberate 
mismatch at the magnetron. This process is analagous to loose coupling in 
short wave transmitters in order to secure a higher frequency stability. A 
suitable mismatch unit which introduces a standing wave with an amplitude of the 
game order as that caused by the worst scanner is used to ascertain what settings 
of the two HeF. output controls will sustain a stable frequency as the phase of 
stamling wave is varied throughout its full range. When this setting of the 
control is found it is reasonable to assume that the magne tron can be relied 
on to give a sufficiently stable frequency for operational purposes when the 
HF. box is installed in an aircreft. 


How the Magnetron is protected im the TeRe 3555 Series 


285. Details of the protective circuit are shom in fig.66. Provision is 
made to ensure that:- 


(a) Magnetron heater voltage is always applied when there is no 
modulating pulse on the magnetron cathode. 

(>) As soon as the modulating pulse is applied the heater voltage 
is cut off. 


These precautions are taken to protect the magnetron. Once the cathode has been 
heated until its steady emission is taking place the application of a modulating 
pulse will result in sufficient bombardment of the cathode by oscillating elec- 
trons to sustain the correct emitting temperature. Should the heater voltage 

be contimed the emission would contimie to rise until the cathode was des- 
troyed. If the modulating voltage is applied without previously applying 

heater voltage to warm the cathode the magnetron current will be low. The 
magnetron wili then present an abnormally high impedance to the pulse trans- 
former and the resultant mismatch will apply such a heavy voltage across the 
thermal relay shown in fige6) that the neon, CV.189, ionises and energises the 
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thermal relay. The safety valve in the modulator then goes into operation 
to produce the following resuits:- 


(a) 300V supply to the trigger valve, Ve7, is broken and the spark-gap 
switoh, Ve3, no longer operates to discharge the artificial line 
and produce a modulating pulse. 

(b) The 80V A.C. input to the primary of the transformer, Te4, whose 
secondary feeds the -4KV rectifier stage is broken. This means 
there is no longer any E.H.T. to charge the modulating line. 

(c) The heater supply to the magnetron is again completed. 


The CV.189 will arc over when the voltage across the secamdary of the pulse 
transformer reaches about 16KV. 


286. The cycle of events is as follows:e 


(a) When the CV¥.189 ares over the thermal relay (bi-metallic strip 
type) closes ani earths the junction of R15, Re18 in the grid 
circuit of the modulator safety valve, Ved. 

(>) Due to the removal of the negative bias the valve conducts ani 
B relay is energised. 

(oc) Contact B/1 is then opened ani the 300V supply to the trigger 
valve is broken and the spark~-gap ceases to operate, and there 
is no further application of the modulation pulse to the magnetrm 
cathode. . 

(a) Due to the cessation of current in V.7, C relay is de~energised. 


(e) C/1i then opens and breaks the 30V A.C. input to T.3 primary so 
the «4KV pack ceases to operate. 

(ft) GC/2 closes end recomects the heater voltage input to the primary 
of the magnetron filament tram former. 


287. If any other fault develops which causes the rectifiers in the -dKV 
pack to pass excessive current the overload relay trips and puts the safety 
valve into operation to produce the same results as outlined in parae256=257- 
When C relay is energised contact C/2 resomnects the 80V input to the primary 
of the magnetron filament transformer. 


288. ‘The cycle of events when the equipment is switched on is as follows:- 


(a) When the "L.T. ON” button is pressed relay C in the modulator 
is still in an unerergised state. ‘The contact 0/2 is closed, 
so the SOV A.C. supply to the filament transformer of the 
magnetron is campleted. C/1 is open ao there is no 80V input 
to Te5- 

(b) After the "H.T.ON* button is pressed there is a delay of about 
30 seconds after which the red light cames one ‘The appearance 
of the red light coincides with the energising of E relay in 
the power unit to switch on the +300V supply to the trigger 
valve in the modulator. 

(c) The anode current taken by the trigger welve energises C relay in 
modulator. Contact G/i now closes to camplete the 80V supply 
to the primary of T.3 and bring the ~<\KV power pack and the 
artificial line into operation. As the trigger valve and the 
spark-gap are operating the modulating pulse is naw applied 
to the magnetron cathode. Contact C/2 meanwhile has opened and 
broken the 80V input to the magnetron filament transformer. 
Hence, as the red light comes up the modulating pulse is applied 
tc the magnetron and the filement supply is simultaneausly 
broken by C relay. 

989. If the modulating pulse is removed fran the magnetron cathode by operating 


the switch on the modulator panel, the contact, Se1, breaks the 80V input to 
T3 and the contact, S.2, canpletes the SOV supply to the primary of the fila- 


ment transformer. 
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The Te Be 3523 


290-2 ‘he TRe 3523 is the transmitter unit which is intended to supersede 
the TR.3555 series. It offers the following advantagesi- 


(a) Much greater power than is obtainable fran the C¥.108 and CcVe208. 
This power is obtained by using an American 725A type magnetron 
feeding into a pressurised waveguide section which is intended to 
sustain atmospheric pressure at all operational heights and 80 
prevent flashover at the higher power. 

(b) An entamatic frequency control system by means of which the 
adirference between the frequency of the klystron leQ- and the 
magnetron is automatically held at 45 Mo/se 

(c) The power availeble fran the magnetron is sufficiently great to 
permit pre-plumbing. That is, it is not necessary for the 
mechanic to make any ReF. cutput matching adjus tnents. 

(a) In the main productian models, two klystron local oscillators 
with independent mixers will be inoorporated. ‘The second of 
these local oscillators will be suitably detuned from the first 
for operetion om 4 om groumd beacons. This facility camot be 
used without the incorporation of a new modilator which can provide 
a 2 microsecond modalating pulse for beacon triggering in addition 


(e) Both head amplifier stages will have their soreen voltage 
regulated by the gain control. 

(¢) An improved pulse and filament transformer arrangement is incor~ 
porated in which there is no direct connection between the 
primary of the pulse transformer and its own secondary ang the 
secondary of the filament transformer. This eliminates the 
application of the single-ended modulating pulse to the filament 
transformer. The pulee transformer is of the mutual type with 
a split secondary whose two helves are in the two heater legs to 
give a symmetric system which is effectively centre-tapped to 
earth in so far as the heater and filament transformer secondary 
are concerned. The pulse transformer windings are in an oil~ 
filled container. In s0 far as the modulating pulse is concerned, 
the two halves of the split secondary are effectively in parallel and 
the sense is such as to drive the magnetron cathode down on the 


usual modulator 64 pulse. 


291. Details of the circuit operation and maintenance of the new unit will 
be issued when it becames available. 
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Further Details on Individusal Steges 


292. So far we have concentrated our attention on the development and cmtroal 
of the transmitter pulse and have given rather scant attention to the operation 
of the controlling stages. We shall now exemine more carefully the operation 
of same of the stages whose function we have merely atated without going into 
a study of how the fumction is performed. 


The Transmitter Timing Valve, Ve 505 


293. We have stressed that V.505 develops a negative pip at the anode when the 
sawtooth input on the grid carries the valve into conduction. To see why thus 
pip is developed it is necessary to note the design of the stage which may be 
regarded as a delayedeaction transitraon. We note the following points about 


the circuit:~ 


(a) The anode is returned to a D.C. potential determined by the bleeder, 
R553 (1M) and R555 (.1M.) across the stabilised 200V line. The 
static DC. potential is therefore about +18V. 

(b) ‘The screen is returned to the potential determined by the bleeder 
R551 (e2t.) and R552 (01M), again across the stabilised 2007. 
line. The static D.C. potential will then be about 67V. 

fe} The screen is lightly decoupled to earth by C.521 (6002) 
The screen is tied to the suppressor through C.522 (.05). R554 

(2.2M.) serves as suppressor leak and half of V.509 serves to 

prevent V.505 suppressor from swinging positive. 

(e) as discussed previously, Ve505 grid is returned via R556 (68K. ) 
and pin 8 on the orange 1i2-way to a variable potential in the 
switch unit. 

(f) R500 (22M) and R501 (.1M.) form a bleeder across the un- 
stabilised 300V. line with a potential of about 90V. at the 
junction. R558 (3-3M.) and R556 (68K.) form a bleeder between 
this point and the potential to which R556 ia returned in the 
switch unite This bleeder will tend to raise the effective DC. 
level to which ¥.505 grid is tied above the potential to which 
R556 is tied in the switoh unit by 68/3368ths or about 1/50th 
of the difference between 90V. and the potential to which R556 
is returned. When R556 is returned to OV. the effect will be 
to return ¥.505 grid to about +#2y. When R.556 is returned to 
+60V.the effect will be to return V.505 grid to about 60.27. 

+8} Ve505 cathode is returned to earth. 

h) The input to V¥.505 grid is a rising sawtooth of about 4507. 

amplitude which will be centred at the effective DeC. level 


of ¥.505 grid. 


294. Let us assume for the manent that R556 is returned to earth potential 
4n the switch unit and V.505 grid is at about +2V- The sawtooth then swings 
between ~73V and +77V. With the anode at +18V. and the screen at +67V, Ve505 
has a grid base of only a few volts. Hence the valve will conduct when the 
grid reaches -2 to %4V. The anode potential will then drop to nearly OV. 

The screen potential will not drop instantly because of Ce521 which must 

charge negetively through the cathode-screen impedance of the valve. The drop 
at the soreen is therefaeexponential. this drop is impressed on the suppressor 
through Ce522 (.05). As the suppressor falls exponentially with the screen 
the anode current is quickly cut off and the anode potential rises at a rate 
determined by the capacity of the cable from the anode output point (Pye blue ) 
to the modulator and the 1M. anode lead. ‘The anode waveform will then be a 
negative pip with an exponential tail. 


295. When the sawtooth carries the grid up to about the --V point grid 
current flows through the 1M. stopper, R550, into 0.520. The leak~away af 
this grid current through 2.556 will develop a negative auto~bias that will 
reduce the mean D.C. level of V.505 grid. This is essentially counteracted 
by the arrangement discussed in parae293(f)»- ‘The flow of grid current will, 
of course, cat off the balance of the sawtooth. | 


296. When the scan-marker switch is in the 100/40 = 80 position, and when 
it is in the 10/10 position end the 10-mile sero is fully clockwise, ¥e505 
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grid is returned to about +60V. (assuming that autobias due to grid current is 
cancelled out). ‘The sawtooth will then swing up fram a level below +60V. by 
half the sawtooth amplitude. We have assumed thia amplitude is 150V. In this 
case the sawtooth would carry Ve505 grid down to ~1 5¥. If the sawtooth ampli- 
tude is low, W505 grid may not reach cute-cff and consequently will never cut- 
off under these operating conditions. In this case there will be no timing 
pip at Ve505 anode, and henoe no locking of modulator miltivibrator. A check 
should therefore be made when a new set is being ined up and on main inepections 
that the sawtooth amplitude is sufficiently great to prevent this fault occurring. 
he check can be made by scoping the waveform an ve505 grid with the scan-marker 
switch in the 100/40 position then switching to the 100/40 - 80 position. If 
the sawtooth is of normal amplitude a small-sawtooth will remain on V.505 grid 
in the latter position. If the sawtooth smplitude is low the waveform at Vs505 
grid may show merely an unstable kink or no displacement at all. Unier these 
gonditions the modulator will probably unlock or only lock erraticallye An 
inorease in sawtooth amplitude oan be obtained by increasing Re 54 in 25K steps 
until the trouble is cleared. This assumes, of course, that the fault is due 
to a sawteoth amplitude well below the 450¥. value with a normal valve in V.504 
position. Since increasing R. 544 reduces the negative feedback fran V.504 
anode to V.504 grid the gain of Ve504 is jncreased and an increased sawtooth 
amplitude therefore obtained. 


Te Modulator Multivibrator, V-5, Ve6 
297. We have pointed out previously that:- 


(a) This stage is a free-ruming nultivibrator which is set for a 
free~ruming peref. of about 600 o/s. 

(>) The output at Ve6 anode is a rectangular wave with a negative 
phase of 20 microseconds. 

(c) When the transmitter-timing pip is applied to V.5 grid the 
miltivibrator is synchronised to run at the master multivibrator 
Perel. of about 6790 o/s. 

(d) The height and range marker circuits are triggered on She pack 
edge of the 20 microseconds priming pulse developed by this 


stage. 
we shall now examine this stage in more detail to discover the principles 
employed. 
298 The following circuit details are worth noting:- 


t=} ¥.5 anode coupled to V6 grid via 0.8. 

b) Grid leak of Ve6 is R23 + Re22 (3-9 Megs- each) returned 
to a variable positive potential (For use in Bomber Command 
Re33 is shorted out by means of the link snows 
Cathode load of V.6 is Re26 t 60 ohms) + Re27 (160 ohms). 
Cathode load of Ve5 is R27 (160 ohms). 

Gria leak of Ve5 is R20 (100K) returned to Ve6 cathode. 
Ve5 grid can only rise as fast as Ce6 can charge positively 
by having electrons leak away through R-20. 


+o 2 G6 


299. ‘The valves used in this stage are a VR91 (¥e5) and Vi'e6QA (ve6)- The 
VRe9i is a high slope RF. pentode. the vT.60A is a power tetrode. It is 
capable of passing 50-60 ma. steady current ani has a long grid base of -60V. 
When switched on the heavy current passed by ve6 will carry Ve5 cathode up to 
about +30V. ami ¥.5 cathode up to about 450V. Ve5 grid tries to follow ¥e6 
cathode up but would take a time determined by the CeR- of C.6, Re20, to reach 
¥.6 gathode potential while V.5 cathode rises instantly. Since this CR. 

is 300 x e1 or 30 microseconds Ve5 is therefore cut off until the grid can 
come within the grid base of +30V-. This time is about 20 microsecomis hence 
we have Ve6 coming on and V.5 cutting off for 20 microseconds. Ve5 anode 
rises towards H.T. but the 20 microsecanis interval is not long enough to let 
sufficient electrons from C.8 leak away through Re21 to bring V-5 anode up 
more than part of the ways At the end of the 20 microseconds interval Ve5 
grid crosses cut-off and anode current flows. Ve6 then passes less current 
so the flow through Re26 + Re27 diminishes. This decrease drops Ve5 cathode 
potential instantly- There ia also a tendency for vV.5 grid potential to fall 
but 0.6, R20 prevent any instantaneous response. The drop at Ve5 cathode 
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is actually sufficient to cause V.5 to pass grid current which flows into C.6 
and the leak away develops a voltage across B.20 that helps carry V.5 grid 
downs This flow of grid current causes V.5 anode to drop to a low level fran 
which it rises to a steady level in accordance with the current passed by V.5 
efter grid current hes ceased to flow. As the fall at V5 anode carries Ve6 
grid below cut-off, V.6é anode swings up. The effective anode load of V.6 is 
partly resistive and partly inductive. The reaistive component is the resis- 
tance reflected into the primary circuit by R29 (3.9K.) on the secondary side 
of Tee The inductive component is due to the fact that sane of the primary 
flux does not thread the secondary of Tel. As a result of this inductive 
camponent, the potential at V.6 anode overshoots the HT. voltage and then 
decays to the H-T. level because of the heavy damping introduced by R29. 


300. How long Ve6 remains cut off depends on the time taken for the grid 
potential to rise to qat~off. This, in turn, is determined by the setting of 
the perefe contral, Re2k. This control, as was mentioned earlier, is a ratchet 
control located at the back of the modulator chassis. For a normal modulator 
with R.33 shorted out and the pref. control within * 3 notches of the red dot, 
the time of rise of ¥.6 grid will be so slow as to give a perf. of about 600 o/s. 
When V.6 grid crosses cut-off the rush of current through R27 again carries 

Ve5 cathode up and cuts V.5 off on the grid for 20 microseconds while V.5 grid 
climbs exponentially to cut off. The cut-off period of V.5 and coniucting 
period of Ve6 is always 20 microseconds regardless of the setting of the perf. 
control which determines only how far apart these 20 microsecond periods occur. 


301. The negative-going 20 microsecomi pulse fran Ve6 anode is the modulator 
priming pulse which is used to develop the trigger pulse for firing the trans- 
mitter. A positive-going 20 microsecond pulse is taken from V.6 cathode through 
the 100 ohm matching resistor to 4 parallel Pye plugs coded violet on the modu- 
lator panel. An output fran one of these Pye plugs triggers the height and 
range marker circuits in the receiver-timing wnit. An auitput fran another 
provides triggering for the Lucero transmitter when Lucero ts included in the 
installation. A third output provides suppression for IePsFe The fourth 
output is used in aircraft fitted with Pishpond to trigger the Fishpo.ud marker 
circuit. An output from one of these Pye plugs is used on the work bench or 
in the aircraft to trigger the monitor 28 when a triggered timebase is required. 


302. Synchronisation of the modulator has been dealt with previously.» For the 
sake of completeness we recall that the tranamitter timing pip fram V.505 anode 
is applied to Ve5 grid via the blue Pye cable. The arrival of this pip in the 
Ve5 conducting period will drive V.5 grid down and the anode up. The rise at 
Ve5 anode carries Ve6 grid above cut-off and brings V.6 into comluction earlier 
to obtain a synchronised por.f. equal to that of the master muiltivibrator. 


The Trigger Valve, Vel 


303. In tracing the development of the modulating waveform it was atated that 
Ye7 was switched on and off by the modulator priming pulse and that the positive 
ring appearing at the anode on the back edge of the priming pulse was used to 
trigger the spark-gap, V.3. To study this stage in more detail it is necessary 


to note the following pointa:- 


(a) ‘The grid is returned through R-29 to a decoupled negative 
potential of =-100V. from a metal rectifier in the modulator. 

+P The cathode is returned to earth. 

c) The anode load is a 4 mh. choke tuned by ite self<capacity 
to about 4.00 Ko/s. 

(a) The screen is fed through a tuned circuit L3,C11 damped by 
Re31 (202Ke)e The resonant frequency of L3,C11 is about 
2Ko/sa. giving a half-period of about 20 microsecmds. 

(e) V7 is a CV.73 beam tetrode, capable of passing a heavy 


arrent. 
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30ko The ={00V. bias on V.7 grid will hold the valve cut of? during the 
interval between the 20 microsecond positive pulses on the grid. On the 
leading edge of the priming pulse, V.7 grid is carried up to around +40V. s0 
a very heavy current is passed. If only Re31 were in the screen supply the 
screen would fall to a steady level._ Dwe to the presence of the ringing circuit 
in the screen the screen voltage will show a 25 Ke/s demped ringe ‘The initial 
swing will be negative due to the flow of screen current. As the period is 
about 40 microseconds the Pirst half cycle will be completed by the time the 
Priming pulse terminates. As the screen is back to the H.T. level the valve 
will then be passing a very heavy anode current of about 500 mae ‘There will 
then be considerable energy stored in the magnetic field of the inductance Li. at 
the instant that anode current is cut off when the grid is carried down on the 
back edge of the 20 microsecond priming pulse. Hence, as the anode current is 
cut off the collapsing field develops a terrific overswing at Ves/ anole. If 
undemped, this ring would have an amplitude of about 10KV. om its first upward 
awinge As the resonant frequency of the choke is about 400 Ke/s the first half 
cycle would take 1025 microseconds. In practice this positive Swing causes the 
trigger gap of V.3 to break down when the anplitude reaches a value of around 

+» The current flow to the trigger electrode then damps the ring so that 
there is no further increase in amplitude. The heavy current passed by the 
valve when it runs into grid current on the leading edge of the priming pulse 
Serves to provide sufficient damping to eliminate any consequent anode ringing. 


The Spark Gap Switch, V.3 


3056 Ve3 is filled with argon +3% oxygen at a pressure of 3 atmospheres or 
about 45 pounds per square inch. fo minimise danger from flying glass in case 
of explosion of the envelope the glass envelope is enclosed in a shellacked net 
arrangement. The main gap consists of two saucer shaped molybdemm electrodes. 
The lower one has a hole drilled through it to permit the insertion of the 
tungsten trigger electrode with only a small clearance. This small clearance 
provides the trigger gap which ionises when the trigger is carried positive by 
the ring at Ve7? anode on the back edge of the modulator priming pulse. The 
ring electrode is held at D.C. earth potential through the monitor chain Re 10, 
Reili, Rei2 and the parallel path through the uniplug pulse cable to the trans- 
mitter unit and the pulse transformer primary. When the potential difference 
across the trigger gap reaches about 3KV. the trigger gap breaks down to give 
free electrons that will flow to the pasitive trigger-electrode and positive 
ions that will flow to the negative electrode of the main gep.e If a sufficlent~ 
ly high voltage exists across the wide main gap these positive ions will travel 
with a sufficiently great velocity to knock electrons off the neutral molecules 
in the main gap- These molecules will be under considerable electrical strain 
die to the voltage impressed across the main gap by the charged modulating line. 
This strain is not sufficiently great to cause breakdown by itself but collision 
of high speed positive ions with the strained molecules will cause breakdowm and 
produce more positive ions to callide with more strained neutral molecules. 
There is thus a progressive iqmisation onee the trigger gap flashes over. It 
is the lag due to this progressive ionisation together with the finite time af 
rise of the trigger pulse that causes the tranamitter pulse to occur slightly 
after the back edge of the modulator priming pulse. 


506. After the artificial lire has campleted its discharge through the spark 
gap the voltage acroas the main gap is zero and the positive ions tend to 
gravitate to the trigger which will exhibit a negative charge due to the 
electrons that flowed into C.13 when the trigger gap flashed over. The posi- 
tive ions are then neutralised at the trigger to again become neutral molecules 


and the gap returns to its non-conducting state. 


507- A small percentage of oxygen is included in the filling to start the 
flash-over as oxygen is mich more readily ionised than argon. When the oxygen 
is largely used up in the formation of oxides of tungsten and molybdemum during 
the fPlash-over intervals the gap will became erratic and wmserviceable. 


The Modulating Line and Charging Choke 


308 We may regard the inductance of the charging choke and the elements of 
the artificial line as canbining to form a resonant circuit thet tends to ring 
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when the ~4KV. supply is connected in series with it. The meen level of the 
ring will be the -|KV. level. The crests will be OV. and the troughs -OKV. 

We may imagine same such sequence as followse Suppose the line has just 
canpleted its discharge through the spark gap and the condensers are completely 
dischargede The spark gap de-ionises ani the ~4KV. supply is camected in 
series with the 64. henry choke, the discharged line, and the resistor R8 (in 
parallel with the solenoid of the overload relay). The charging current will 
be approximately sinusoidal. When the condensers are charged to -4KV. we 
might expect the flow of electrons into the comdensers to cease. Fut as the 
rising back eemef. developed by the charging condensers tends to reduce the 
current flowing through the choke, the collapsing magnetic field keeps the 
electron Plow going in the same direction in accordance with Lenz's Law. 

Putting it differently, the energy stored in the magnetic field af the choke 

is used up to complete the storage of energy in the condensers of the line. 

When the chace has lost all its energy, ise., the magnetic field has collepsed 
campletely ani the charging current is zero, the condensers are charged to -OKV. 
There is then 8KV. across the main gap of V.3, but no current flowing. When 
the trigger gap is now fired and the main gap breaks down as a result of the 
collision between ions formed in the trigger gap and strained neutral molecules 
in the man gap, the resistance of the gap drops to a few ohms. We now have 

the line with its stored energy connected in series with the low gap resistance, 
the pulse cable, the resistance reflected into the pulse transformer primary 

by the magnetron, and the 1.4 monitor resistor. We shall assume the artificial 
line has a characteristic impedance of about 80 ohms, the gap has a resistance 
of about 5 ohms, and that the resistance reflected into the pulse transformer 
primary is about 74 ohms. We may then regard the 30 obm line as matched to a 
total load of about 80 ohms if we count in the monitor resistor. We may 

regard this arrangement as a battery charged to -GKV. with an. internal resistance 
of 80 ohms’ comected to an 80 ohm load. The current will then be sone = 50 amps. 


The drop across the Line will be 80 x 50 = 4KV. and the drop across the pulse 
transformer primary will be 50 x 7k. = 3+ /7KV- Since the secondary of the trans- 
former is the full winding and the fixed end is at earth potential, the tapping 
point goes to -3.7KV. and the output end gives the stepped up voltage of about 
-14KY for the magnetron cathode. The canponents in the line are so chosen that 
the energy stored is discharged in a 1 microsecond burst if the line is matched 
to its load. The current discharged should build up to its 50 amp. value in 
about 0.1 microseconds. The inductances in the line serve to maintain the 
current reasonably constant during the discharge period. the decay of the 
current involves a collapse of the magnetic field around the pulse transformer 
winding which will be in the form of the first quarter cycle of a ring whose 
frequency is fixed by the inductance and self~capacitance of the pulse trans- 
former. This decay will take a little longer than the build-up. As the 
pulse duration is determined by the amount of energy stored in the line, it 
depends on the value of the line camponents and the number of sections. 


309. Suppose that the load were 720 ohms instead of 80 ohms. The current 
would then be 8000 or 10 amps. instead of 50 amps. ‘The drop across the line 


would be only 80 x 10 or 800 volts and the drop across the load would be 

10 x 720 or 7,200 volts. The voltage across the pulse transformer secondary 
would then be so high that aroing would probably ocour in the transmitter 'ummit, 
to put an effective short across the pulse transformer secondary. In the 

Mark ITIA He. box the CY.189 arcs over and the thermal relay operates as 
discussed in paras. 285-286. The resultant reflections on the pulse cable will 
tend to keep the spark gap ionised so long that the current flowing through the 
gap, the choke and R.8 and the overload relay solenoid will build up to a mean 
value that causes the overload relay to trip. This then operetes the safety 
valve Vel. to break the imput to the -4KV. pack and the Hel. to Vefe Details 
are given in paras. 256-257. The same effect will be produced by any other 
fault that puts a short across the pulse transformer output. In general any 
Pault that permits the current flowing through the gap from the =-KV. supply 
to build up due to prolonged ionisation will cause the overload relay to trip. 
It will also trip if the perf. is raised to such a high value that the mean 
current through the sdlenoid of the overload relay becomes sufficiently great 


to energise it. 
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Dummy Loads 


510. Since overload relay tripping or failure to switoh om can be caused by 

a mmber of faults in either the modulator or tranamitter units some form of 
systematic elimination procedure is called for. For this purpose a dummy load 
is provided to replace the transmitter unit and provide an approximate match 

to the artificial line in the modulator when it is carmmected across the pulse 
cutput plug. This is the 80 ohm dummy load resistance wmit type 228 If the 
trouble persists the fault may logically be expected to be in the modulator. 

If the fault disappears either the pulse cable or the transmitter unit must be 
at fault. The pulse cable can bs checked by placing the dummy load across the 
output end of the cable. If the fault is localised to the transmitter unit, 
the pulse transformer, magnetron filament transformer, magnetron and overswing 
diode circuits fall unier suspicion, so sane form of eliminatiam procedure is 
called fore A 1e5K. cdamy load, resistance unit type 230, is provided for this 
purpos¢e This dummy load is intended as an approximate equivalent for the 
magnetron so is placed across the secondary of the pulse transformer. If the 
fault disappears the magnetron was fanlty. If the fault continues, the pulse 
and filament transformers are the main suspects. Disconnecting the Pilament 
transformer makes it possible to tell whether the pulse transformer is faulty. 
If not, the filament transformer is the logical suspect. If the puise trans- 
former is faulty it must be replaced. If the fault is still cleared when the 
filement transformer is reconnected the filament transformer is all right. if 
not, replacement must be made. In the Mark ITIA HF. box the two transformers 
are in one unit so replacement is necessary as soon as the fault contimues after 
the dummy load is used to replace the magnetron. A fuller outline of trouble- 
shooting on insulation breakdown faults is given in Chapter 12, paras.1085-1088. 
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CHAPTER 6 = THE RECEIVER CHAIN 


General Considerations 


3511.. Before canmencing a study of the H.2.5. receiver chain it may be pro= 
fitable to recall same relevant facts that must have a bearing on its design 
amd on the way the stages are distributed in the installation. 


(a) 


(b) 


(c) 


(a) 


(e) 


(f) 


(g) 


(h) 


It 14s a an receiver. In the Mark IIIA installation signals 

are received on a wavelength of about 3.2 cms. and in the Mark IIc 
installation the wavelength is about 9.1 oms. Ref. amplification 
is impossible at these frequencies so the firat stage must be a 
frequenay changing stage. 

As received signals will be weak signal to noise ratio becanes 

a major consideration and the frequency changing stage must be 
designed with a view to obtaining the best possible signal to 
noise ratio. This consideration has required the use of a 
erystal mixer. 

Since dielectric losses in feeders reach very high values at 

3.2 ons. the Mark IIIA RoF. system mist use waveguidese The 
crystal mixer is therefore mainted in a waveguide. In the 

Mark TIC installation the crystal mixer is mounted in a4 section 
of coaxial line. In both cases the shielding thus provided 
prevents the superimposition of large quantities of external 
noise on the noise generated by the crystal itself. 

Since the first stage is a frequency changer the local 


oscillator must be capable of generating a C.We output in the 


same wavelength band as the magnetron transmitting valve wave- 
length. This calls for a local oscillator of the resonant 
cavity type. 

To achieve the maximum simplicity in I.F. amplifier design 

it is necessary to use preset IeF. tuning. = As the magnetron 
frequency is certain to vary and cannot readily be controlled 
the local oscillator must be tunable. The requirement of a 
local oscillator which is capable of generating a CW. output 
in the appropriate om. band and which can also be easily tuned 
makes it preferable to use a resqant cavity oscillator of the 
reflector kiystron type. 

Since the He2eS. operator must be able to tune the local 
oscillator fran his position on the aircraft the tuning control 
mist be at his table. This means that either the oscillator 
itself must be there or sane form of remote tuning is necessary. 
In the Mark IIC installation the local oscillator is ina tuning 
unit at the He2eS. operator's table. In the Mark IIIA instal- 
lation using the TR.3555 series transmitter unit the local 
oscillator is incorporated in the transmitter unit and a remote 
tuning control is provided at the H-2.5S. operator's table. 

To minmise ReF. losses in both tranamitter output and in 
returned signals it is necessary to keep the ReFe paths as short 
as possible. The transmitter unit is therefore maimted as near 
to the scammer es possible and the crystal mixer is located in 
the transmitter unit. This means that the L.0. signal must 
either be generated in the transmitter unit or braight to the 
transmitter unite In the 3 an. band feeder losses make it 
imperative to put the local oscillator in the transmitter unit. 
Hence we have the remote control tuning unit at the He2eSe 
operator's table. In the Mark TIC installation the power 
obtainable fran the local oscillator is ample to allow for 
feeder losses and the klystron is therefore located in a tuning 
unit at the He2.S. operator's table. 

Since the receiver is a pulse receiver it must have a band- 
width sufficiently wide to pass the pulses without undue 
distortion. Tie bandwidth of the I.F. amplifier is therefore 
about 4 Mc/s. in He2eS. Mark IIIA. In He2.S. Marx IIC, the 
bandwidth is about 6 Mc/s. 
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(1) The IeF. chosen is 13-5 Mo/s. in He2eS. Mark ITC and 45 
Mc/s. in He2eSe Mark IITTA- 

(j) Since it is not feasible to incorporate the I.F. amplificr 
in the tranamitter unit it would appear to be necessary to 
transfer the weak I.F. mixer output via cable fram the trans- 
mitter wit to another unit housing the I.F. amplifier» Any 
additional noise picked up en route would then receive the 
full amplification of the I.}F. amplifier. Since the mixer 
output signals have had no amplification whatever any 
appreciable addition of noise before amplification occurred 
would seriously impair the signal to noise ratio. In an 
attempt to overcane this problem a measure of IF. amplifi- 
cation is introduced in the transmitter unit. In the Mark IIc 
transmitter unit only one stage is used while the Mark IIIA 
transmitter unit two stages are emplayed. This section of the 
receiver is termed the head amplifier. 

(xk) The I.F. amplifier proper is housed in the receiver-timing unit 
for convenience in mixing signals and markers. Variable gain 
is required. The gain contral must, of course, be located at 
the He2eS. operator's table. 

(1) Since HeMeSe is a camon T. and R. system a TR switch must be 
incorporated to seal off the receiver branch line in the 
transmitter unit as mich as possible far the duration of the 
transmitter pulse. The valves used for this purpose are called 
soft rmmbatrons. ‘They are resonant cavities filled with water 
vapour at a low pressure. ‘They flash over when the resonant 
cavity goes into violent oscillation during the tranmmitter pulse 
period. 

(m) Although the soft rimbatron TR switch flashes over on the leading 
edge of the transmitter pulse it does not canpletely isolate the 
receiver during the transmitter pulse period. Sufficient RF. 
energy will reach the crystal and then pass into the I-F. 
amplifier to cause overloading of the IeF. amplifier if it remains 
in a fully sensitive condition while the transmitter is pulsinge 
To overcane this problem the sensitivity must be reduced during 
the pulse period. This is accemplished by applying a suppression 
pulse to some of the stages in the I-Fe amplifier which reduces the 
sensitivity of these stages very nearly to zero. 

(n) Since a camnon T. and R. system is employed suitable provisions 
must be made to prevent signals travelling down the transmitter 
and reflecting back in such a phase as to interfere with the 
signals passing directly into the receiver branch line. 


312. $Swmming up, we may now visualise the H.2eS. receiver as consisting of 
the following primary sub-divisions:- 


(a) Input matching devices to avoid interference fran received signals 
travelling down the transmitter line and reflecting. 

(b) Re switch of the soft riumbatron type to isolate the receiver as 
much as possible during the transmitter pulse period. 

ts A suitable crystal mixer stage. 

a) A reflector klystron local oscillator with suitable tuning 
arrangements at the He2eS. operator's tabic. Automatic 
adjustment of the klystron frequency to follow the changes in 
magnetron frequency would be desirable. 

te A head amplifier in the transmitter unit. 

An IeF. strip with second detector and a suitable output stagee 
Variable gain facilities will be incorporated. The control 
itself must be remote in order to permit its location at the 
He2eS- operator's table. 

(g) A suppression generator synchronised with the transmitter to 
prevent the transmitter break-through that gets past the soft 
rhumbatron TR. switch from overloading the IeF. amplifier 
and preventing its response to short range signals. 
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The Mark IIC Receiver 


D1De The main details of the Mark IIC Receiver are show in fig. 72. 


Input Matching 


31 he It has been pointed out in Chapter 5 that the matching slug in the Mark IIC 
transmitter unit is required to perform two fimctions Simultaneously. The first 
of these functions is to arrange that the coaxial high power feeder is matched 

to the magnetron. If a thermo-couple is used to measure the RF. output the 
matching slug cen be set to a position which gives the maximm Re}. output 
indication. The second condition the matching slug should fulfil at the same time 
is the transformation of the cold impedance of the magnetron to show a very high 
value in the diraction of the magnetrm at the junction of the receiver branch 
line with the main one. What we really mean by saying that the magnetron cald 
impedance is transformed to a high value is that the phase of the wave reflected 
by the reactive load presented by the cold magnetron is so modified by the slug 
that it continues down the branch line in phase with the incoming wave. The 
effect is then the same as if no energy were penetrating past the receiver branch 
line. Now the matching slug may not fulfil both conditions perfectly with the 
same setting. The usual procedure in Banber Camand has been to monitor the 
receiver output and adjust the matching slug for the maximun Signal amplitude. 
This adjustment assumes that if the adjustment gives the maximm Signal amplitude 
for returns fran one particular echo it will do so for all other echoes. While 
this assumption may be true in the majority of cases it is not necessarily always 
true. The frequency of the magnetron is dependent to some extent on the matching 
slug setting. The interference pattern produced by waves travelling directly 

to the target and back and waves reflecting off the ground to the target and 

back, may result in reinforcement and abnomally strong signals at one particular 
frequency for same particular echo. If the set is taken into the air and these 
interference effects no longer appear poor signals may be cbhtained. 


215+ The method of setting the matching slug for maximum signals is also open 
to the danger that the slug setting so obtained is sometimes such as to leave 

the magnetron very susceptible to moding or frequency pulling with the. resultant 
development of gapping or unstable signala. The radar mechanic is therefore 
warned that, while setting the matching slug for maximm signals on a particuler 
permanent echo will give a satisfactory performance in the majority of cases, 
there may be exceptions. The oly alternative method available at present is to 
find a position of the matching slug where the power output as noted on a thermo- 
couple meter is not reduced by more than 10 = 20% fran the normal figure given 
by good sets, and where a variation of + or ~ 4 inch in the slug position does 
not result in a frequency shift of more than 4. Mc/s. This frequency shift may 
be measured with an echo box wavemeter by adjusting the echo box for maximm 
Signal on the height tube trace for the selected alug position and each of the 
displaced positions. The frequency change in the magnetron will be the change 
read on the calibrated scale of the wavemeter, if the local oscillator tuning is 
not varied. A simpler teat is observation of the change in the amplitude of 
permanent echo signals. If the L-O. is not returned ani the amplitude does not 
drop by more than 50% as the slug is moved + or = $+ inch, the frequency shift 


is less than 4 Mc/s. 


The Soft Rinmbatram TR. switch, CV.43 8 


316. The construction of this valve and its electrical equivalent are shown 

in fig. 73(a) and (b). When the transmitter pulses, an electramagnetic wave 
travels along the output line, part going to the scamer amd part travelling 
dom the branch line. When this weve reeches the coupling loop that extends 
into the CV.43 resonant cavity, the cavity oscillates violently and develops 

a high voltage across the lips. This ReF. voltage causes the water vapour to 
ionise and develop a conducting patch across the lipse The position of the 
CVo45 in the branch line is so chosen that the short appears an odd mmber of 
quarter wavelengths fran the branch line junction. The effect is then to pro=- 
duce a shorted quarter wave stub. In such a shorted coaxial stub a phase 
change af 180° occurs on reflection. ‘The reflected wave, after travelling down 
and back, ie¢., an odd mmber of half wavelengths, will be back in phase with the 
wave going down the main line when it reaches the junction. This follows since 
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4+ has made a detour of an odd number of half wavelengths plus a phase change 

of 180° (equivalent to a half wavelength), the sum of which is equivalent to 

a detour of an integral mmber of wavelengths. The effect is then the same 

as if no detour had been made so we say the stub offers a high impedance at 

the junction with the main line and the effect, in so far as RF. output is con- 
cemed, is essentially the sane as if there were no branch line. This state~- 
ment is not quite correct as the CV.43 does not present a perfect short and 

sone energy does pass through it to the crystal mixers. It is this leakage 

or transnitter break-through that makes it necessary to have a suppression 
circuit to suppress the I.F. amplifier while the tranamitter pulses. 


317. We may think of this leakage or break-through in the following way. 
When flash-over oocurs a low resistame is effectively placed across the 
resonant cavitye ‘This has the same effect of damping the oscillation in the 
cavity as a low resistance across an ordinary tuned circuit. Since it is not 
quite a dead short the oscillatia is not, however, canpletely damped out. 
Hence the output loop has sane voltage induced om it which is fed to the mixer 


cavi ty 


348. When the tranamitter pulse ends the voltage on the input loop into the 
CV.43 dies out and there is no further excitation of the cavity. The oscilla- 
tions are then soon damped out. The positive and negative ions now recombine 
to form neutral molecules and the short eacrcss the lips is removed and our stub 
becomes an open instead of a short-circuited stub. Such a stub offers a low 
impedance at the junction with the main line. If the matching slug. has been 
adjusted to make the cold magnetron offer a high impedance the bulk of the 
inconing signal energy flows down the branch line. When 4 signal wave reaches 
the input loop the resonant cavity is again excited but the RF. voltage 
developed across the lips is not sufficiently great to cause the water vapour 
to ionisee Hence, there is no shorted stub to cause reflection and no heavy 
damping of the resonant cavity. The cavity therefore contimes to oscillate 
while signals came in. The oscillating field induces a voltage on the output 
loop so. the energy is fed into the mixer chamber. While signals are caning 
in we may regard the resonant cavity as a 1-1 transformer or & half wavelength 
of transmission line. 


The CVs Probe 


319. To protect the crystal it is essential that the CV.43 flash over on 

the early cycles of the transmitter pulse before it reaches its full amplitude. 
To speed up the flash-over a trigger probe is introduced. This proba is can~ 
nected to a potential of around =/00V., obtained by tapping in at the junction 
of Re100 (430K.) and R101 (1M.) placed across the -1000V. line caning in from 
the power unit on pin 11 of the i¢-waye The CVe4.3 cavity is at earth potential. 
Hence, there is a steady potential difference of about 7OOV. between the en 

of the trigger probe and the earthed cavitye This voltage is sufficient to 
keep a small amount of ionisation in this gap, independent of whether or not 

the transmitter is operating. This contimal ionisation can be observed by 
connecting an AVO between the probe and the lead to the -7O0V. tapping point. 
The positive terminal of the AVO must, of course, be connected to the probe 

and the negative one to the lead. There will be a steady ionising current 
depending on the design of the CVe45- Cross-section and ionising currents are 
shown in fige73(a). ‘The different types can be recognised by removing the 
tuning plunger which comes out through the transmitter unit panel and looking at 
the design of the lips. When the cavity is thrown into violent oscillation by 
the arrival of the leading edge of the trananitter pulse, the positive ions in 
the gap surge across the lips as the far side swings to a high negative valuee 
Their collisions with the neutral molecules between the lips will camgpe these 
to break down at a lower voltage across the lips than waild be the case if the 
ions were not present. Hence, flash-over occurs earlier than it would if no 
probe were employed. Consequently less ReFe energy hits the crystal. The 
incorporation of the probe is thus a means of speeding up ionisation in order to 


give added protection to the orystal. 
320. The presence of the probe assists rapid de-ionisation as well as rapid 
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ionisation. When the transmitter pulse ends the positive ions in the gap will 

be attracted to the negative probe where they can speedily became neutralised 

to form neutral molecules. If no probe were used ionisation could only ocour 

by collision between positive ions and electrons detached when flash-over occurred, 
or by contact between positive ions and the earthed cavity wall. The completion 
of the probe supply and the presence of the correct probe voltage are therefore 
necessary if the CV.43 is to afford the maximum protection to the crystal and is 
to show speedy de-ionisation. | 


CV. Tuni 


321- In order that the oscillations developed in the CV.43 cavity may have the 
maximum amplitude when signals are being received the cavity must be resoant at 
the magnetron frequency. Shauld the resonant frequency be different the oscilla- 
tions will be of the same nature as the oscillations developed in a ringing cir- 
cuit by shock excitation. Their frequency will be the natural frequeng of the 
cavity. Since the input will be at a different frequency it will not tend to 
tuild up the amplitude so the output will be low. Hence it is necessary to tune 
the CVe435 cavity to the magnetron frequency to get the maximm signal emplitude 
into the crystal and hence out of the receiver. This tuning is done by varying 
the volume of the cavity. To raise frequency, the volume must be decreased. 

To decrease frequency the volume must be increased. These changes in frequency 
are made by means of a tuning plunger which projects through the panel of the 
trananitter unit. There are also two fixed plungers which must be preset to 
give a bandspread on the tuning plunger that suitably covers the normal range 

of magnetron frequencies. These plungers should be so set that signal amplitude 
can be dropped to 50% of maximum by not more than two turns of the tuning plunger 


in either directim. 


CVs Overcoupl] 


322. It may be found when Lining up a transmitter unit that the CV.43 tunes 
very flatly and that the sensitivity of the set is poor. If this is the case 
the tuning plunger should be canpletely removed and the cavity viewed through 
the aperture thus provided. It is very likely that a diffused purple glow will 
fill the whole centre of the cavity. Such an indication points to overcoupling 
of the transmitter pulse into the cavity by having the input loop projecting too 
fer into the cavity. The effect is to set up such vialent oscillation when the 
transanitter pulses that ionisation is not restricted to the region between the 
lips but extends thraughout much of the cavity. This widespread ionisation 
results in such a long de-ionisation period that the cavity is damped consider- 
ably for a long time after the transmitter pulse ends. This prolonged damping 
results, of course, in feeble oscillation when signals are received and hence 
Low input to the mixer and therefore low signal output. The only cure is to 
reduce coupling until the normal ionisation across the lips only is obtained. 


323. To make this adjustment it is necessary to loosen the grubescrew in the 
main output line which holds the inner of the branch line, the pinch-collar, and 
the knurled locking ring holding the branch line at the CV.43.- The branch line 
oan then be worked away slightly fran the CV.43 and towards the main line thus 
withdrawing the coupling loop. Displacements of the order of 1/32" to 1/16 ” 
are normally sufficient. Obviously, care mist be taken not to remove the 
coupling loop too far or undercaupling will result and the signal amplitude will 
again suffer. The loop should be withdrawn until the iqisation glow appears 
across the lips only and the plunger then replaced and a check made on sharpness 
of tuning and signal emplitude. Checks should then be made to see whether the 
signal amplitude can be improved by further slight increases or decreases in 
coupling. When the optimum position has thus been fourd a washer of the approp- 
riate thickneas will have to be fitted between the bush which screws into the 
cavity and the cavity proper. Otherwise the kmurled locking ring will pull the 
loop back into its original position when the reassembling is done. Care must 
then be taken to tighten the grub-screw, pinch-collar and kmrled locking ring 


to prevent any further displacement due to vibration. 
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CV.43 Paults 


52h. Should crystals be contimally burning out, it may logically be expected 
that the CV.43 is not functioning. This can be checked by looking for the 
ionisation across the lips. If this is absent and the normal voltage is on the 
probe the CVe43 must be replaced. The vammm has probably been lost due to a 
cracked glass or broken copper=glass seals. 


325. Should crystal life be short it is reasonable to suspect too much trans- 
mitter break-through is reaching the crystal because the flash-over is not 
sufficiently rapid. This may be due to a poorly shaped magnetron pulse which 
rises too slowly or to a faulty CV-43- ‘The only available CV.43 check is on the 
ionising current. Should this value fall below 75% of the values quoted in 
Pige73(d) a check should be made that the correct voltage is in the probe. If 
this is present, the CV.43 should then be replaced. 


326. If recurrence of the trouble is experienced along with low sensitivity 
generally it is probable that the magnet is below the required value of 1250 
gauss, measured with the magnet on the chassis end the cover one This measure- 
ment should be mede with a flux-meter using 4 cover with a suitable hole cut in 
the side to permit insertion of the search coil. Further details are given in 
Chapter 11, parae&i2. A faulty magnetron might also be responsible for a 
poorly shaped pulsee A further rather remote possibility is that the modulator 
is supplying a poor modulating pulse. This can be checked by running the 
modulator into the 80 ohm dummy load and noting the pulse shape at the voltage 
monitor point. A check on the magnetron can be made by noting the pulse shape 
at the same point when the magnetron is used and when it is replaced by the 


1500 ohm dummy load, 


C¥.435 Heater Jacket 


327. The CV.43 is provided with a 24V heater jacket to keep the cavity tempera- 
ture constant to prevent changes in gas pressure with falling temperature and 
consequent delayed ionisation. Care must be taken in assembling this jacket to 
join the + and = 24V supply leads by one of the bolts holding the two sectias 
together. If the circuit is not tims canpleted the heater jacket is inoperative. 


The Crystal Mixer Stage 


a) The structure of the orystal itself is shown in fige7h(a)- 

b) Mechanical details of the mixer line are shown in fig. 74(d). 

¢) ‘The major details of the circuit arrangements are shown in figs /2. 
ad) The electrical equivalent is shown in figs 74(o). 

3 The theoretical waveforms are shown in fig. 7/5. 

f) The voltage - current characteristic is shom in fige7h(d). 


328. 


The Crystal 


3296 Te rectifying crystals used camonly as cm. mixers employ a tungsten 
whisker embedded in a siliom crystal. Structural details are shom in fig. 7ifa). 
When a DeCe voltage is comected with the positive side to the silican and the 
negative to the tungsten whisker electrons will flow from the whisker to the 
orystal and the contact will present a resistance of the order 120=200 ohms. 
When the supply is reversed the current flow is greatly reduced and the apparent 
resistance is of the order of 1000 to 10,000 ohms. Heme if an AeCe voltage is 
applied the current passed on the half-cycles that carry the silicon positive 
will be much greater than the current passed on the half=cyoles that carry the 
silicon negative. ‘the crystal will therefore operate as a rectifier since 
current passed is predaminantly in one directions | 


The Mixing Circuit 


430. The crystal is inserted in @ section of coaxial line shorted at one end 
as shown in fig.74(d). ‘The crystal and the smoothing condenser formed by the 
trolitul washer between the two metal flanges linked to the immer and outer are 
effectively in series between the inner ard outer of the coaxial line. ‘the 
length of the coaxial line is chosen to make it a resonant cavity at the mean 
frequency to be expected fran magnetrons- The ReF. signals are coupled into 
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this cavity from the CVe43 cavity by connecting the inner of the CVe45 output 
line directly into the immer of the mixer line. Hence, when an echo is being 
received the ReF. voltage passed to the mixer line excites the cavity. The 

CeW. output fram the klystron local oscillator is also coupled into the mixer 
cavity by means of a capacity attenuator. The 75 ohm terminating resistor in 
the probe which terminates the local oscillator feeder is connected to a thick 
piece of wire which fits into a little trolitul disc. When the probe is pressed 
in all the way this trolitul disc rests against the inner of the mixer cavity. 
The maximum voltage is then transferred fran the feeder to the cavity if the 

only attenuation is that due to the voltage drop across the capacity between the 
two inners. If the probe is pulled out an air gep appears and the dielectric _ 
of the input condenser consists of the trolitul and the air gap. This input 
condenser will now have a lower capacity and a higher impedance. Hence the 

CeWe input applied to the mixer cavity is reduced, 1.e. attemmuted. The setting 
of this probe can tims be used to regulate the CeWe input applied to the mixer 
cavity. When the local oscillator is correctly tuned the frequency of the CW. 
input to the mixer will differ fran the ReF. input by the I.F. of 13-5 Mc/s. 

As the RP. is of the order of 3300 Mc/s, the two signals will differ in fre- 
quency by 0.4% This difference is so small that the mixer cavity will resmate 
both The two signals therefore beat whenever an echo is received and the Ree 
voltage applied to the crystel and its series cormenser has a frequency equal 

to the mean of the beating frequencies and an amplitude varying at their differ- 
ence frequency, i-ee., at the I.F. In a single microsecond echo pulse there 
will be about 3300 aycles of R-F. as the frequency is about 35300 Mc/s. or 3300 
cycles per microsecomi. Since the I.F. is 1305 Mc/s or 1305 cycles per micro- 
second the modulation envelope of the pulse will show 13«5 aycles. The crystal 
only passes appreciable electrons fran the whisker to the silicon. Henoe the 
condenser must charge positively. Its function is to smooth the RF. and 
impress on the Pye output cable the resultant I-F. envelope. 


The Crystal Current 


334. The waveform impressed on the Pye output cable will include both a DeC. 
component and a 1365 Mc/s AeC. canponent. The DeC. canponent is the mean 
voltage developed across the condenser by smoothing the rectified CeW. input in 
the intervals between echo signals. Since the CeW- is caning in all the time 
but echoes only for 1 microsecond in every 1500 microseconds, the contribution 
of signals to the D.C. level is negligible. Hence, the DeCe canponent is a 
means of checking the amplitude of the C.W. input to the mixer since the mag~ 
nitude of the smoothed DC. voltage developed is determined by the amplitude 

of the CeW. signal applied and the rectification efficiency of the crystal. To 
see how measurements can be made we must trace out the path taken by the mixer 
output, shown in fige76(a).- The immer goes to a Pye plug and thence to the 
primary of the input transformer of the head emplifier. The other end of this 
primary is kept at ReF. earth by means of tha condenser Co126 (20023 mF). This 
condenser blocks off the D.C. compoent but serves to apply the full’ AeC. can~- 
ponent to the transformer. From the top of 6.126 a 1305 Mc/s. chake passes to 
one side of a jack-point. The other side is tied to earth. Now the mixer 
output voltage is between the inner and outer of the Pye cable to the head 
amplifiers The inner is cannected to the one side of the jack. The outer is 
earthed and hence effectively cannected to the other side of the jack. The 
IeFe choke blocks the AeC. component from the jack~point but the DeCe camponent 
is applied across it. Hence, by jacking in a meter, the current developed in 
the meter by this D.C. camponent of the mixer output voltage can be read. 

This reading is called the "crystal current". In the indicator 162 a meter 
was fitted on the panel which comected to ome side of a back contact on this 
jack=point. The orystal current could then be read at the indicator. This 
facility is not available in the indicator 484. and crystal current can only be 
checked at the tranamitter unit jack-point in the He2eS. Mark IIc installation. 


Crystel Checks and Tests 


332. The "crystal current" reading obtained by jacking in a meter at the 
transmitter unit is dependent on:= 


a) What C.W. input is applied to the orystal- 
b) How efficiently this input is rectified. 


Hence, a camparison of the current values obtained from different orystals with 
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the same CeW. input is a means of comparing the rectification efficiency of 
different crystals. By simultaneously noting noise level on the height tube 
for a given gain setting a comparison can be made of the noise developed by 
different crystals. The higher the current reading obtained and the lower the 
noise level generated the better the crystal. Conversely, the lower the current 
passed and the higher the noise level the poorer the crystal. 


333e By plugging in the meter on the ahmmeter range with the set switched off, 
we can apply the cell voltage across the crystal. This follows since the tung-~ 
sten whisker is connected to the one side of the jack=-point and the silicon 
erystal is earthed at the shorted end of the mixer line. Hence by switching 

the jack connections both the "back" and "forward" resistance of the crystal can 
be measured. By "back" resistance we mean the D.C. resistance offered when the 
positive side of the supply goes to the tungsten whisker and the negative side 

of the supply goes to the silicon crystal. Since electrons only tend to flow 
readily in the opposite direction the observed resistance will be reasonably 
high, anywhere from 1K. to 10K. in a good crystal. When the jack connections 
are reversed we apply the cell voltage in the direction of normal flow and the 
observed resistance is low, of the order of 120-200 olms. These infications 
are used as crystal checks but they are not fool-proof checks as the D.C. charac~ 
teristics of a crystal are not necessarily a check of its ReF. rectification 
properties. The following procedure for crystal checks on D-I.'s is recomended: - 


(a) Measure both back and forward resistance and note that forward 
resistance does not exceed 180 to 200 ohms and that the back 
resistance is not less than 1000 ohms. 

+22 Log the back resistance on a card kept with the TR. 

c) Should the back resistance have dropped to less than half the 
value logged on the previous day, it should be rejected, although 
the value may still exceed 1000 ohms. 

(a4) If a crystal is rejected and replaced by a new one it should be 
checked as in (a) and the modulator then switched on and off 5 ar 
6 times and the values again checked to test the resistance of 
the crystal to surges» If the values of the back and forward 
resistance are still satisfactory the back resistance should be 
logged and an indication made to show that a new crystel has been 
fitted. It must be, stressed that these crystal checks may be 
passed and a crystal still give poor ReF. rectification efficiency. 
Conversely, the tests may not be passed and the crystal may be 
giving a satisfactory performance. Such cases are, however, the 
exception. The final test is always receiver sensitivity. If 
good signal amplitude and a good signal to noise ratio are 
obtained when the received output is observed on the monitor 28 
(or on the height tube) the crystal mst be operating satisfactorily. 
Fron experience the mechanic will learn what amplitude and signal 
to noise ratio may normally be expected at each dispersal point 
fraa any particular permanent echo. If sensitivity seems to be 
low the first check is to substitute a known good crystal and note 
whether any improvement is obteined. The checking of back and 
forward resistance serves mainly to check whether crystals have 
deteriorated since the previous check and gives an indication of 
probable reliability that can be counted on in the majority of 
cases but not in all cases. 


Crystals for He2eS. Mark TIC 


334¢  ##The crystal normally used in He2eS. Mark IIC is the CV.101, a yellow spot 
crystal which should not be called on to pass a steady current that will give a 
reading in excess of Oe6 ma. If a subsidiary orange spot appears in addition 
to the yellow spot it is a CV.102 which will stand a rather higher voltage. If 
a subsidiary red spot is used the crystal is a CV.103 which will stand still 


higher voltages. 
Te Local Oscillator 


3556 (a) The structure of the CV.67 type of reflector klystron 


| is show in fig. 78. 
(b) The major circuit details are shown in fig-/7/- 
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Requirements of Om. Local Oscillator Circutt 


336. Since R-F. amplification is impracticable in the om band we use a 
frequency changer as the first stage. Hence, the local oscillator mst be 
capable of providing sufficient C.W. output in the am. band to secure adequate 
heterodyning. To fulfil these requirements a resonant cavity type of oscilla- 
tor is used. Before studying this a. oscillator in detail we shall recall 
the requirements it must meet:- 


te Adequate CeW. output to give efficient heterodyning.- 

b) Tunable fran the He2eS. operator's position to allow for 
variations in the frequency of both the magnetron and the klystron- 
+3 As high a frequency stability as is reasonably obtainable. 

a) Adjustable feedback to permit control of amplitude for 
oscillation. 

te As high an output stability as is reasonably obtainable. 

f) Adjustable loading to set the amplitude of oscillation to a 
point where the current drain is not sufficiently high to 
endanger the valve when frequency and output are stable. 

(g) Control of input to mixer to get optimum heterodyning without 
modifying the loading. 


These requirements call for a stabilised power supply, and Tuning, feedback, 
loading, and output controls. 


Details of the Circuit 


337. Before attempting to study the action of the local oscillator, we note 
the following items in the local oscillator circuit in fig. //. 


(a) A resonant cavity of the toroidal or rhumbatron type which 
corresponds to the Lc. tank circuit of the normal os:illator. 

(bd) an electron gun which is used to excite the cavity and which 
plays the part of the valve in a normal oscillator. 

(c) A three section glass envelope sealed to.the rimmbatran by 
means of copper glass seals. 

(4) A reflector electrode whose voltage can be varied with respect 
to the cathode by means of a potentianeter. This serves as 
the feedback control. 

(e) Three preset and one variable plunger. These are the tuning 
contrals. - 

(f) A rotatable coupling loop. This is the loading or coupling 
control. 

(g) An adjustable capacity probe into the mixer cavity on the end 
of the L.0O. feedere This probe has already been mentioned as 
providing a mixer input control. 

{(h) A neon stabilised power supply to obtain a stable frequency 
and ampli tide. 


Principles 


338. We shall commence our study of the operation of this microwave CW. 
oscillator by recalling the essentials of any form of regenerative oscillator. 
The first requirement is a ringing circuit which, if excited, will develop 
simisoidal oscillations whose amplitude decays exponentially. The lower the 
circuit losses, ieee, the higher its Q, the more slowly these oscillations 
would decay. The second essential is a suitable agency for exciting the 
ringing circuit. The third requirement is same method of supplying positive 
feedback to make up the losses in the ringing circuit and thus keep the ampli- 
tude of the oscillations constant. We may then regard the regenerative 
oscillator as consisting essentially of a ringing circuit which develops the 
ReF.e energy, and a maintaining circuit which excites it and provides the 
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requisite amount of energy in the correct phase to overcame lossese DeC. 
energy must be supplied to the maintaining circuit while ReFe energy can be 
obtained by loading the ringing circuit. In the familiar L.C. valve 
oscillator the L.C. circuit provides the ringing circuit. ‘The moving magnetic 
field associated with the initial current flow provides the excitation that 
starts oscillation. Same of the RF. energy of the oscillatory circuit is 
impressed on the grid in such a phase that the emplified output is retumed to 
the oscillatory circuit to make up the energy supplied to the grid, the ohmic 
dosses in the oscillatory circuit, and the output supplied to the aerial. The 
oscillations are kept at that constant amplitude where the input returned to tHe 
grid just makes up all these losses after emplificetion in the valve. ‘The valve 
is purely a convenient maintaining circuit which takes the energy from the H.T. 
supply and passes it to the oscillatory circuit for conversion into ReF. energy. 


39+ When the ourrent is building up in the inductance of an LeC. circuit 
energy is stored in the magnetic field. When the current reaches a steady 
value the magnetic field collapses and the ourrent overshoots to charge up the 
condenser to a value above the mean anode potential and the energy af the mag- 
netic field is stored in the electric field of the condenser. When the magnetic 
field has canpletely collapsed there is no further charging eem fs across the 
condenser which then discharges through the coil in the reverse direction to 
again store the energy in the field of the coil. It is only because the coil 
and condenser are not completely resistanceless that this oscillation will not 


go on indefinitely without any positive feedback arrangements. 


340. Just as any length of wire exhibits inductance, so does the metal of the 
resonant cavity or rhumbatron of the klystrm. What is less apparent is how 

the two sections of the rhumbatron can exhibit capacitance although they are 
connected through the outer oasing» This phenanenon arises out of the fact 

that at very high frequencies the distribution of RF. currents in conductors 
makes it possible for different parts of the same conductor to have a different 
RF. potential. If these parts are separated by a dielectric we have an electric 
field in which RF. energy can be stored which is just another way of saying that 
we have capaci tance. The rlauibatran is then just a microwave equivalent of the 


familiar IneC. circuit. 
Excitation 


3442 The CV¥.67 operates with the rmmbatron at D.C. earth, the cathode at about 
#1200 volts and the reflector at around -1500 volts. There is therefore a 
potential difference of about 1200 volts between the cathode and rimmbatron. 
Hence, when the cathode starts to emit, the electrons travel at high speed toward 
the rhumbatron. The grid and screen, although tied to the cathode, by virtue 

of the fields induced in them by the electrons serve to shape the emitted 
electrons into a fairly sharp beam which is directed through the orifice in the 


lip structura. 


342. When the electron beam passes through the rhumbatron orifice it has a 
magnetic field around it since it is just as mich an electric current as the 
electron flow in a wire. This field cuts the metal of the rhumbatron cavity 
and starts electron displacements in the metal. These electron displacements 
cause the cavity to start ringing just as the initial current flow in the cail 
started the ringing of the LeC. circuit. the effect of this ringing is to make 
the two halves of the rhumbatron swing alternately positive and negative at a 
frequency determined by the cavity volume. This results in the appearance af 
an electromagnetic field in the cavity which has its electric vector perpen- 
dicular to the two copper plates forming the toroidal cavity. This field is 
most intense across the lips where the plates are close together. The mitual 
repulsion of the lines of force cause them to bulge out into the orifice. This 
field rises and falls sinusoidally at a frequency of around 3300 Mc/s. 


Velocity Modulation 


5h5- AS the constant velocity electron stream from the gun enters the orifics 
the velocity of the electrons is modified in accordance with the instantaneous 
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sense and magnitude of the electric field bulging into the orifice. Let us 
assume that the field is at a maximm with the upper plate positive and the 

lower plate negative. An electron entering the field is then accelerated and 
travels at an increased rate after getting through the orifice. A quarter 

cycle later the field will be zero as both plates will be back to R-F. earth as 
well as D.C. earth potential. An electron passing through at that instant will 
then travel at the seme speed after emerging as it did before entering the space 
between the lips. After another quarter cycle has occurred the field will be 

& maximum in the opposite sense, i.e. the top plate will be negative and the 
lower plate will be positive. An electron now entering the field will be slowed 
down or decelerated. we see then that the ringing of the cavity is modifying 
the velocity of the electrons passing through the orifice. That is, the ringing 
cavity is causing a velocity modulation of the electron stream. 


344. To appreciate the significance of this velocity modulation we must now 
transfer our attention to the space between the earthed rhumbatron and the 
reflector which is at about -1500 volts. In this space there is a steady DO. 
field that will urge electrams away fran the highly negative reflector towards 
the relatively positive rhumbatron. Shooting through the orifice into this 
field we have the velocity-modulated electron stream. The opposing field will 
bring them all to a halt and tum them around to shoot back into the orifice 
since the D.C. field between the reflector amd rmumbatron is 1500 volts, while 
the D.C. field between the cathode and rhumbatron is mily 1200 volts. But since 
the electron stream has been velocity modulated while passing through the orifice 
the first time there will be differences in how close the electrons come to the 
reflector before they turn around. The accelerated electrons will penetrate 
farthest. Electrons caning later which met the zero field will be travelling 
less rapidly. These will turn around earlier and will tend to fall in step 
with the accelerated ones that had travelled farther but spent the quarter 
period in travelling and returning the extra distance. The decelerated elec- 
trons coming along a further quarter cycle later will turn around stili earlier 
so will tend to fall in step with both the preceding lots. The combined effect 
of the reflector and the velocity modulator is therefore a tendency of the elect- 
ron stream to show bunching, iee., heavy concentrations of electrons separated 
by more trickles. We say the stream has been density modulated. If the 
reflector voltage is correctly adjusted with respect to the cathode voltage and 
the distance between the reflector ani the orifice, we can arrange that the 
bunches in the reversed stream meet an opposing field when entering the space 
between the lips o their retim journey. The trickles between the bunches 
meet the accelerating field a half-cycle later. 


Density Modalation and Positive Feedback 

345. If the dense parts of the reversed stream met an opposing field while the 
sparse parta meet the accelerating field we will have the majority of the elect- 
rons slowed down on their second passage through the field and only a email 
proportion will be speeded upe In their first passage as many will be speeded 
up on the average as will be slowed down. The result of suitably adjusting the 
reflector voltage is then to slow down far more electrons than are accelerated. 
Now if electrons are speeded up they have taken energy fraa the oscillating 
electromagnetic field, iee.-, they have damped the ringing. But when they are 
slaved down they have given up energy to the field and have provided positive 
feedback. Hence, by correctly adjusting the reflector voltage we obtain 
positive feedback and sustained oscillations in the resonant cavity. As long 
as the energy returned to the cavity exceeds the energy taken fran it by ohmic 
losses, in heating the inner surface, by accelerated electrons, and by output 
circuits, the klystron will oscillate. The auplitude of oscillation will set 
stself at the level where the total losses balance the energy taken from the 
electron stream. How much energy is taken from the electron stream depends 

on the number of electrons meeting an opposing field It is the opposing 
field strength which detemmines the amount of deceleration and hence the amount 
of kinetic energy taken fran the slowed-up electrons. Both the number de~ 
celerated and amount of deceleration are altered by varying the reflector 
voltage since this quantity determines the spacing between the tumches.- If 

the bunches are spaced so that their centre meets the opposing field when it 

has its maximum value the maximum energy is taken fram the electron stream and 
the amplitude of the oscillations reaches its maximum value. If the bunches — 
meet the opposing field when it has a low intensity the amplitude of oscillation 
falls since less energy is taken fran the electron stream. Altering the 
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reflector voltage then serves primarily to alter the spacing and phasing of 
the bunches with respect to the oscillating RF. field between the rhumbatron 
lips and thus performs as a feedback or amplitude control. The oscillating 
field may have different modes, i-e., different electric and magnetic field 
patterns which correspond to different frequencies. These modes may change 
as the reflector voltage is varied. Hence although the reflector volts 
control serves as a feedback control in the CV.6/7, it may have secondary 


effects on frequency. ; 


erat Commi tions 


34.6. The actual spacing between bunches can only remain constant if the cathode 
and reflector potentials remain constant. Hence, for stability of output 
provision must be made to keep these potentials as steady as possible. To 
fulfil this requirement, the neon stabiliser circuit is provided across the 
~1800V. supply brought into the tuning unit 207 fran the power unit. 


347. The reflector volta potentianeter permits a variation in the reflector 
potential of around -1400 to -1600V. when the klystron is oscillating- ihe 
normal cathode potential is about -1200V. Should this potential fall to the 
vicinity of -1000V., the klystron operation will became critical. An electro- 
atatic voltmeter must be used to measure the klystron voltages. 


348. The normal operating current of the klystron is about 8 mae This can be 
measured by connecting a meter between the 1 800V. input plug and the 39K. 
resistor, Re2. The electron flow path is through Re2, the stabilising network, 
emission from the klystron cathode, and an ultimate flow to the earthed rhum- 
batron and through the earth line to power wnit. Since this is a series cirait, 
all the current passed flows through the kiystron. 4s the reflector is more 
negative than the cathode, there is no electron flow to the reflector. 


Frequency Control 


349. The frequency of the oscillations in the CV. 67 is primarily controlled 
by means of a knob on the front of the tuning unit 207. This knob alters the 
distance a variable tuning plunger projects into the rhumbatron cavitye The 
range available on this camtrol shauld be such as to permit tuning the klystron 
through 13.5 Mc/s. either above or below the magnetron frequency with sone lee~ 
way at each end. If these conditions cannot be fulfilled, the two preset 
plungers require adjustment until this condition is fulfilled. It must be 
remembered that screwing these plungers in shifts the band covered toward a 
higher frequency, while screwing them out, shifts the band covered to a lower 
frequency. The desirability of being able to tune the CV.67 above or below 
the magnetron by the I.Fe of 13.5 Mc/s. arises out of the fact that the mixer 
line is cut to a fixed length. If the magnetron frequency happens to be near 
the end of the band to which the mixer cavity responds, say near the low end, 
then the response to a L.0. signal tumed 13.5 Mc/s. lower will be mach poorer 
than the response to a L.Q. signal tuned 15.5 Mc/s. above the magnetron frequendy- 
Hence two-point tuning on the klystrom permits selection of the klystran fre- 
quency that gives the best response in the mixer cavity and hence the best 


signal to noise ratio. 


350. As pointed out above, the reflector voltage may have a secondary effect 
on frequency 


Output Control 


351. It was pointed out earlier that the electric vector of the oscillating 
field in the klystron cavity is always directed so as to be perpendicular to 
the two rhumbatron plates. The magnetic vector will take the form of closed 
loops in a plane at right angles to the EB lines which they circle. If a 
section of coaxial line with the inner terminated in a loop (whose end is 
soldered to the outer) is threaded into the cavity, any of the magnetic Lines 
of force threading the loop will induce an RF. voltage between the imer ani 
outer of the coaxial line. fe outer of the line will be in contact with the 
rhumbatron casing and therefore at earth potential. How large an RF. voltage 
is developed between the inner and outer of the coaxial line will depend om hor 
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many magnetic lines of force thread the terminating loop. This will be a 
maximum when the plane of the loop is perpendicular to the magnetic vector in 
the cavity. Hence, by altering the angle of the coupling loop the RF. voltage 
applied to the line may be varied. This coupling line is brought to the L.0. 
output plug on the tuning unit 207 panel. <A wniradio 21 feeder is connected 
at the plug and picks up the output voltage for transfer to the mixer cavity. 
Since the angle of the coupling loop determines how mich energy is taken fran 
the cavity by the feeder, i.e., the klystron loading, a variable coupling loop 
angle provides an output or loading control. A screw-driver preset labelled 
"coupling" appears on the tuning unit panel. This control varies the coupling 
loop by means of a suitable lever arrangement. If the coupling is very light 
and the reflector voltage is set to give a heavy positive feedback the klystron 
will oscillate very violently and will take a current which may be sufficiently 
heavy to damage the valve. If the coupling is at maximum to provide a heavy 
loading, far more energy is transferred to the cable than can possibly be used 
at the mixer cavity for efficient heterodyning. It is therefore usual to set 
the coupling loop at about 30° ~ 45° to the H vector (or maximm coupling) to 
get an intermediate coupling. Radar mechanics familiar with the indicator 162 
mist bear in mind that in the tuning unit 207 the kiystron is mounted horizon- 
tally instead of vertically as was the case in the indicator 162. the coupling 
indication is given by the position of the slot in the coupling preset. A full 
range of coupling fran minimum to maximum is obtainable by varying the slot 
between the horizontal and vertical positions. 


Sett of C 1, Lo and Capaci Probe 


3526 As was mentioned in discussing the mixer the L.0. input to the mixer is 
introduced by means of a capacity probe. This capacity probe with its 75 ohm 
matching resistor is the termination of the uniradio 21 feeder from the 

unit 207 to the mixer in the transmitter unit. This capacity probe provides 

a means of attemating the local oscillator signal to a suitable value for 
efficient heterodyning of the ReF. signal. Fram experience it has been found 
that a crystal current reading of about 0.4 me. gives the optimum operating 
conditions. It is custanary to set the coupling to an intermediate value with 
the loop at 30° = 45° to the maximum coupling position and the capacity probe 
to a setting such that the maximm crystal current reading obtainable by varying 
the reflector voltage does not exceed 0.6 ma. This precaution is taken to 
prevent damage to the oryatal. The reflector voltage is finally adjusted to 
give a current reading of 0.4 ma. 


Setting-Up the Reflector Voltage and Crystal Current 


353. A point to be watched for is the possibility of getting 0.4 ma. cryatal 
current for two different settings of the reflector voltage. A full orystal 
current characteristic will show two sides, a "steep" side, and a “slow" side. 
By the term "steep" side, we mean that over part of the movement range available 
on the reflector voltage preset the crystal current will rise sharply to a peak 
(which may in sane cases be unstable) for a small rotation of the preset. ‘This 
means that if the reflector voltage is set to a point within this range a small 
variation in supply voltages due to changing engine speed, etce, will cause 
appreciable changes in crystal current. This means that the klystron operation 
is likely to be erratic and probably noisy as well. Should the reflector 
voltage be set up in this "steep" or unreliable side of the crystal characteris- 
tic on the ground airborne operation will in all probability be unsatisfactory 
Ry the texm "slow" side, we mean that over an appreciable part of the movement 
range available m the reflector volts preset the crystal current will vary 
very gradually. The mare usual performance will be a sharp rise to a peak as 
the control is turned closkwise and then a slow fall away. Occasionally a 
slow fall may cane first and then the sharp rise. The important cawiderations 

(a) That the current should never exceed 0.6 ma. as the reflector 

voltage is varied through its full range. 
(>) That the final operating point be set for about O.4 ma. on 
the slow or reliable part of the crystal characteristic. 


A cryatal current characteristic is shown in fige76(b). 


‘Interaction between Tuning and Crystal Control 


354. Since altering klystron tuning varies the frequency of the oscillating 
field, it is varying the period in which the electric field across the lips 
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is canpleting a cycle. Now the reflector voltage setting fixes the spacing 
between bunchese When these bunches meet an opposing field, we have kiystron 
oscillation and crystal current fram the rectified C.W. How much crystal 
current is produced depends on the amplitude of the O-We input to the mixer, 
which depends on the amount of positive feedback. But the anount of positive 
feedback depends on the strength of the opposing field met by the bunches. 

If the tuning is altered, the bunches will meet the opposing field at a different 
point in its cycle. Hence the positive feedback may vary and the result may 

be to vary the amplitude of oscillation and therefore the crystal current. 

It follows then that when a set is being lined up on the bench or in an aircraft, 
the crystal current value should be checked if the klystron tuning is altered 
efter the crystal current was set wp. 


The Crystal Adaptor Check of stron 


355. When the canmon fault of low crystal.current is encountered the fault is 
usually in the crystal. It is, however, desirable to have some ready method 

of checking that the klystron is actually producing a CoW. output at the autput 
plug on the tuning unit 207. This can be done by means of a crystal adaptor 
which can be ocormected directly to the output plug. This adaptor is just a 
crystal rectifier in a suitable mounting. When an AVO is comected to the 
adaptor the rectifier output current can be measured. Values of about 8-i2 ma. 
are normal. Since this value is well above the value that the orystal can 
sefely carry for any appreciable time interval the adaptor should just be touchea 
to the output plug long enough to see whether or not a satisfactory output is 
being developed. The actual crystal current value obtained will depend a great 
deal on the condition of the crystal used. The presence of a reasonable current 
is sufficient to indicate that the klystrm is oscillating. 


Kiys tron Faults 
356. The only common klystron faults are as follows:- 


(a) Coupling loop so long that it pushes against the glass 
envelope and either breaks the loop or bends it back on itself 
so that it is effectively shorted out. 


(b) Loss of vacuum due to cracks or breakage of copper~glass seals. . 


(co) Wear in the output plug and socket resulting in poor contact 
and poor output and noise when airborne. | 


(ad) Loss of emission due to life factor. 


(eo) Damage due to passage of excessive current due to undercoupling 
and heavy positive feedback. 


(f) Change in camponent values resulting in incorrect cathode and 
reflector voltages. 


The Head Amplifier 


357. It was pointed out in parae311 (Jj) that the head amplifier is included 
in the transmitter unit to give some amplification (gain of about 4) of the 
mixer output before applying it to the cable passing to the I.F. amplifier in 
the receiver-timing unit. Whether or not the inclusion of the head emplifier 
results in a better signal to noise ratio in the receiver output depends " 
entirely on whether the signal to noise ratio of the Ynput to the I.F. strip 
is better when the head amplifier is included than when it is anitted. This, 
in turn, will depend on whether the signal amplification in the head amplifier 
stage exceeds the canbined effects of noise picked up and noise developed in 
the stagee It follows then that the head amplifier stage may became a 
‘liability rather than an asset if the stage becanmes very noisy- The chief 
causes of noise are bad earthing connections anywhere in the stage. A low 
emission VRe136 will also be noisys A check on the stage can be made by by- 
passing the head amplifier and feeding directly fran the mixer into the [.F. 
strip. If the signal to noise ratio shows considerable improvement the head 
emplifier stage is obviously a hindrance rather than a help. 


Miscellanecus Transmitter Unit Faults 


358. To avoid confusing noise from noisy blower motors which is getting into 
the head amplifier with noise due to a faulty head emplifier stage or RF. noise 
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pick up, the noise level in the receiver output under normal operating con- 
@itions should be canpared with the value observed when the blower motor is 


made inoperative. 


359. A check can be made on the noise contribution of a particular transmitter 
unit by canparing the noise level in the receiver output when the transmitter is 
operating with the level when the modulator is switched off. By substituting 
a transmitter unit known to be satisfactory for the suspected one and fitting 
the crystal fran the suspected unit in the good one, a check cen be made for 
abnormally high transmitter unit noise from causes other than the orystal. 


360. Other causes of noise, intermittent signals, weak signals, no signals, 
etce, may bei- 


(a) Buming of, or bad contacts by, the pin on the CV.64 output line 
which connects to the aerial feeder immer. 

(bv) Binding of the nut comecting the outer of the aerial feeder and 
resulting in a poor contact. 

fe Loose inner contact at pulse input plug socket. 

ad} Absence of earth om screening of pulse lead fran the input plug 
to the pulse transformer. 

(©) Insufficient clearance between the leads to the magnetron legs 
and the 4K. morganite rod. Short circuits and sparking may then 
occur under conditions of vibration, high altitudes and low 
pressures. 

+f Straps for clamping the capacity probe may be broken or missing. 
Faulty joints between 75 ohm resistor in capacity probe and the 

immer of the feeder. . 

(nh) Rotation of trolitul sleeve in the capacity probe permitting contact 
between these joints and the outer to short out the CeW. input 

 dntermittently or contimiously. 

(i) The immer of local oscilletor input plug may push into the poly- 
styrene and fail to make proper contact or break ocomnection inside 
the probe to the mixer. 

(j) The thread on the outer of the local oscillator input plug may 

bind so that the lead fran the imicator does not make rigid 
comection to the plug. 

(k) Inner of the mixer line failing to make good camtact with the pin 
on the end of the cryatal. The split end of thia immer may 
reguire pinching by careful manipulation of two long=shafted screw- 
drivers. 

(1) The black cap of the crystal holder failing to screw in far enough 
to clamp the crystal firmly in the holder. 

i Absence of spring clamp to hold damed cap of mixer line. 

Dry joints or broken wires at the I.F. connection to the outer 

of the crystal at the top of the metal sleeve. 

(o) Loose or missing grub-screws in the Pye plug on the I.F. input 
to the head amplifier. 


(p) Loose nuts on the Pye sookets on the input and output of the head 
amplifier permitting the sockets to rotate when the plugs are 
handled with resultant breakage of the leads inside. 

(q) Bad contacts in the VRe136 holder in the head amplifier stage. 

tr Bad contacts in the crystal current jack. 

s) Insulation breakdown in the crabtree supply plug to the head 
ompuieyer unit between the 300V. input pin (1) and the earth 
pin Z)e 

(t) Dust cores in head amplifier input or output transformers dis- 
placed or dropped out due to faulty sealing. 

fs Faulty suppressor unit on blower motor or scammer motor. 

v) Blower motor running rough due‘ to faulty lubrication and 
causing excessive vibration. | 

"} Faulty brushes on blower motor. 

Faulty sealing between chassis and rubber mounting of blower motor. 

) Beacon switch in the B or BA positions so that HT supply to the 

head amplifier is cut off. 
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The Iek. Amplifier 


361. The six-stage (VR-65) I.F. amplifier, the diode detector (VRe92) and 

the receiver output valve (VR.53) are mounted on a sub-chassis in the receiver= 
timing unite The tuned anode transformer in the head amplifier is suitably 
damped on the secondary side to match the Pye cable carrying the head amplifier 
output from the green Pye plug on the transmitter unit to the corresponding 
plug on the receiver-timing unit. The input from the green Pye plug on the 
receiver is applied to the grid of the first I.F. stage via a tuned dust-core 
transfomer, suitably damped on the secondary side to match the Pye cable. 

A second lead taps into this input transformer fram a brown Pye phig on the receiver 
panel. This plug is used to feed the output of the Lucero unit into the I.-F. 
amplifier. The beacon returns from the receiver section of the Lucero unit 
are passed into the I.F. amplifier when the beacon switch on the switch unit 

is in the B +H, B or BA position. In the B + H position, the H.T. supply to 
the head amplifier is completed and inputs are fed into the I-F. strip at both 
the green and brown Pye plugs. When the switch is on the B position only 
Lucero signals fran the long range beacons reach the I.F. amplifier. In the 
BA position a different local oscillatar is switched in at the Lucero unit and 
the input to the I.F. amplifier consists of signals fram the Lucero blind 
approach beacon. In both the B and BA positions the HT. supply to the head 
amplifier is broken so that there is no He2-sS. signal input at the green Pre 
plug. In the OFF position, the Lucero unit is inoperative and only He2.S. 
Signals are applied to the I.F. amplifier. The taps on the input transfarmer 
“are chosen to give suitable matching and signal to noise ratio for both input 


channels. 
Gain Control 


362. The coupling between the six atages is by dust-core transformers suitably 
damped on both sides. The overall band width ia 13.5 43 Mc/s. The gain is 
controlled by varying the cathode bias applied to stages 2 and 4. The 2K gain 
control potentiometer on the switch unit is in parallel with R.61 (22K) in the | 
receiver. This parallel canbination is connected in series with R60 (75K. ) 
between the 300V H-eT. line and earth. When the gain control is fully counter- 
clockwise the whole 2K is in circuit and a bias voltage of ebout -SV. is tapped 
off which is aufficient to cut the valves off. When the control is fully clock- 
wise the bias line is returned to earth and stages 2 and 4 operate with the same 
normal ar:to-bias as is used in the remaining stages. The amplifier then has 


its maximum gain. 
Suppression 


363. It has been pointed out that the CV.43 cannot ionise instantly and 
always permits the passage of sane transmitter puise energy to the crystal. The 
mixer output fran this breakthrough is of such amplitude that it can overload ths 
I-F. amplifier and cause temporary paralysis of the receiver after each trans- 
mitter pulse. To overcome this difficulty the I.-F. amplifier must be suppres- 
sed until the main transmitter pulse is canpleted. It has also been pointed 
mt that the back edge of the 20 microsecond modulator priming pulse fires the 
trigger valve and spark gap to initiate the 1 microsecond transmitter pulse. 

The positive-going 20 microsecond pulse taken fran the cathode of the VI.60A in 
the modulator multivibrator is therefore a convenient waveform to generate the 
required suppression pulse since it is always locked to the transmitter pulse. 


364. Details of the suppression generator are shown in fig.80. The positive- 
going 20 microsecond pulse fran the VT.60A cathode is applied to the four 
parallel violet Pye plugs on the modulator panel through the 110 ohm terminating 
resistor, Re35. Fran one of these violet plugs, the pulse is taken to the 
violet plug on the receiver~timing umit. As the transmitter fires i to 2 
microseconds after the back edge of the modulator priming pulse it is necessary 
to delay the input to the suppression generator in order to get a suppression 
waveform that contimes until the transmitter pulse is canpleted. For this 
‘reason a delay network with a switoh that can be set to provide a delay that 

is variable between 0 and 8 microseconds is inserted in the input to the 
suppression generator, Vehi2e The positive-going 20 microsecond pulse will 
normally have an amplitude -of 40 - 50 volts at the vidlet input plug. This 


CoD. 0896L 


amplitude is dropped by the bleeder R-455 (1-5K.) and Reh56é (3K.). The 
effective input impedance is that of R456 shunted by the characteristic 
impedance of the network. This results in an input amplitude of 12 = 15 

volts. The 1K terminating resistance prevents reflections fran the output 

end of the networke ‘The network therefore applies to Ve4i2 grid a 20 micro- 
second positive=going pulse delayed~relative to the input by 0 ~ 8 microseconds 
according to the setting of the switch which is operated by an unlabelled screw- 
driver preset on the receiver~timing unit panel. The amplitude on Veli2 grid 
is about 13 voltae The effect of this positive pulse is to carry Veli2 into 
grid current for the pulse duration. This grid current flows into 0.452 (0.1) 
and charges it negatively. When the positive pulse collapses the leak—away- 

of the electrons thraizh R458 (4M.) develops sufficient self=bias to keep V-412 
cut-off on the grid until the next positive pulse appears. V.412 anode there- 
fore falls for 20 microseconds in every 1500 microseconds. The anode load of 
Ve4i2 is R«5 (40K.) in the screen supply line to the ist ami jrd I.P. stages. 
The normal screen current to these valves through R.5 makes the cut-off potential 
of Ve4i2 about +150V. When Ve4t2 goes into grid current the current passed by 
Vebt2 results in a drop at the junction of R.5 and R6 of about 140V. This 
fall carries the screens of the 1st and 3rd J.P. stages so low that the valves 
are effectively cut off. When V.412 outs off again the screens of Vet and Ve3 
will return to a sensitive state at a rate determined by their associated time 
constants. The position of the suppression period can be varied by means of 
the suppression preset until only a wisp of the breakthrough tail shows on the 
height tube trace. Due to the first negative overswing on the pulse trans- 
former resulting in a measure of oscillation in the magnetron, it may be neces= 
sary to set the suppression control to cover both the primary magne tron pulse 
ami this spurious overswing pulse if breakthrough is to be canpletely eliminated. 
This problem has been the factor which limits the minimm range of Fishpond. 


The Second Detector 


365. The output of the last I.F. stage is applied to the cathode of the VReJ2 
second detector. ‘The rectified voltage is developed across R. 54 (6+2K.) as 
negative-going 13.5 Mc/s. pulses. Ce34 (5 pf-) smooths these to give the 
envelope of the echo signale Le5 is anI.Fe choke. C49 (.1) and R64 
(400K.) provide AeC. coupling to the receiver output valve. A.C. coupling 
ia used in preference to DeCe coupling to minimise the possibility of CoW. 
jamming on the I.F. frequency. With DeC. coupling the back-biassing af the 
detector anode by a O.We signal could carry the grid of the output valve to 


cut-orf. 
The Monitor Network 


366. TRe55, Re56, C36, Co37 provide a monitor network. By connecting a 

QO ~ 500 microemmeter between tag 5 and earth the rectified current produced by 
CeWe input to the I.P.- amplifier can ba measured. 10V. D.C. output on Ve? 

anode gives a current of 185 microamps. between tag 5 and earth. By applying 

a CeW. input fran the signal generator type 52A or ita equivalent type 106, the 
overall handwidth can be checked. As the frequency of the input is varied the 
meter reading will rise sharply as the pass~band is entered. On going out of 
the pass-band the reading will fall sharply. Normal band width is 1305 + 3 Mc/s. 
Tf the input frequency is set to mid=bana an input setting can be found that 
will be well short of saturation on a normal set and the meter reading noted. 

Tf the same input is applied to a suspected I-F. amplifier the output reading 

can be compared with that obtained fram the good set. In this way a comparative 
check can be made on suspected insensitive I-F. strips. Conversely, the input 
required to produce a given output short of saturation may be compared instead. 


The Receiver Output Stage 


367. The receiver output valve is a yariable-mu pentode (VRe53) with the cathode 
returned to earth and a 10K. grid stopper. Since the pulse input on the grid 
is negative~going the valve passes the maximm current for zero signal input 

and its anode potential will then be at its lowest level. As signals are 
applied to drive the grid negative the anode potential will rise to give a 
positive-going output. A ~SV. signal on the grid will cut the valve off. 

Hence grid cut-off introduces limiting om any signal input in excess of this 
value. The effective anode load is Re451 (1K-} in the timing unit section. 
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Re452 is effectively decoupled by Ce440 (1 af.) The anode of the receiver 
output valve is taken to tag 7 on the numbered receiver tapboard through the 
IeF. choke, L-6. Fran the tagboard a lead completes the connection to 
Re451 on the timing unit chassis. | 


368. The suppressor of the receiver output valve is normally returned to 

earth through one half of the double diode, Ve4i0. Provided the heading 
merker switch on the switch unit is closed, circuits in the timing wnit sectian 
apply a negative pulse to the suppressor and cut anode current off on the 
suppressor for around 2000 = 3000 microseconds once for every revolution of the 
scannere The output of the valve will then consist of signals and nolse for 
all timebase sweeps except those occurring whilst the valve is cut-off on the 
suppressor. If a timebase making 1 sweep per second were available to observe 
the anode waveform it would show the following deteils:- 


(a) <A suppression break of araund 20 microseconds duration at 1500 
microsecond intervals. 

(b) A positive-going transmitter pulse tail after each suppressim 
breake 

(c) Noise during the nm-suppressed portions of each 1500 microsecond 
interval. 

(ad) Positive~going echo pulses recurring in each 1500 microsecond 
interval at intervals after the transmitter pulse tail governed 
by the range of the targets. 

(e) The amplitude of the echo pulses will vary with the atrength of 
the reflected signals for a given setting of the gain contral.. 

(f) ‘The amplitude of the signals and noise will be a maximm when the 
gain control is fully clockwise and minimum when the gain contral 
is fully camterclockwise. 

(g) Any signals developing a swing of more than -8V. at the grid will 
be limited by grid cut-off so will shaw the same output amplitude. 

(h) Once for every revolution of the scanner, iee, once per second for 
a speed of 60 repem., a maximm amplitude positive-going pulse of 
about 2000 - 3000 microseconds duration will appear when anode 
current is cut-off on the suppressor by the negative pulse fran the 
heading marker circuit in the timing unit. 


369. If the switch on the indicator 18, panel is set to "Course" the heading 
marker pulse is formed when the scamer goes through the dead~ahead position. 

If this switch is set to the "Track" position the pulse forms earlier or later 
depending on the drift angle. Since the receiver output is ultimately applied 
to the P.PeI. grid as a positive~going signal, this pulse brightens up one full 
scan and ali or part of another onee in every scammer revolution. If the P.FP.I. 
map is correctly set up by means of the setting knob on the heading control unit, 
this brightened up scan appears at the bearing of the aircraft heading when the 
indicator 18, switch is set to "Course". If the switch is set to "Track", and 
the Admiralty transmitter in the control unit 468 has been correctly set up by 
means of the setting knob on the heading control unit, the positive pulse at 

the anode of Ve8 is so displaced as to make the brightened-up scans on the 
P.P.I.e appear at the bearing of the actual aircraft track. The heading (course) 
marker or the alternative track marker are then a part of the receiver output 
that appear only once in every scanner revolution while all other signals 


appear once for every transmitter pulse. 
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The Mark IIIA Receiver Using T.Re 3555 Series 


Outline 


370. The differences between the Mark TIC and Mark IIIA receivers are primarily 
consequences of the fact that a wavelength of about 3.2 ans. is used instead 
of 9.1 ams. The chief differences are as follows:- 


(a) More elaborate input matching arrangements to prevent interference 
due to passage of received signals down the transmitter line which 
reflect and partly cancel direct incoming signals. | 

(b) The TR. switch, CV.114, has a much smaller cavity, uses pressure 
tuning, and is mounted in a waveguide. 

(c) A different crystal, CVe111, instead of CV.101 is used. ‘Thies 
_orystal has a higher current capacity and smaller stray capacitye 
Adjustable matching is provided for the mixer cavity which is a 
section of waveguide. 

(a) The local oscillator stage employs a CVe129 reflector kiystron, also 
with a mich smaller cavity and pressure tuning. The local 
oscillator with its independent power pack is housed in the trans~ 
mitter unit. A remote tuning control unit is provided at the He2eS- 
operator's table. 

(e) A two-stage 45 Mo/s. head emplifier unit is used. This is a 
universal unit employing VRe9i's instead of the VR. 136. 

(f) The IF. strip is another universal unit. It comprises a 5 stage 
(VRe91) IPs lifier instead of six VR 65 stages. <A cathode 
follower (vR.91) is interposed between the detector and the out- 
put valve (VR-53). A gain control valve is used to vary the 
sereen voltage of the second head amplifier valve and the first 
four I.P. stages. Mixed negative grid biasses are also used. 
These are derived fran a ~100V. negative rail. 

(cg) Suppression is applied to the suppressors of the first three I.F. 
stages as opposed to the screens of the 2nd and 4th in the Mark IT 
I.F. strip. The same suppression generator circuit is employed. 


371. (a) The major essentials of the Mark IIIA (TR 3555) receiver circuit 
are shown in fig.82. 

$8 Mechanical details of the waveguide adjustments are shown in fig.83. 
The gain control and Lucero switch circuit details are shown in 


fige 89 * 
Input Matching 


372. As a result of the short wavelength employed input matching is mich more 
critical than in the Mark IIC receivere When the reflected echo pulses come 
into the transmitter umit they have optional patha:- 


+2) Along the main output line back toward the magnetron. 
b) Down the branch line housing the anti-TR. cell (CV.115) and 
tuning pistan 2. 


(c) Down the receiver branch line, through the CV.114 TR switch, 
and into the mixer chamber. 


Obviously, what we want to happen is that all the energy of the reflected pulses 
flows into the mixer cavity for conversion into I.F. pulses. We mist set our 
output controls with only output considerations in mind. Hence, we have no 
control over the phase of the reflected wave that canes back to the receiver 
branch line junction fran the magnetron waveguide chambers In sane cases the 
phase may be such that it is correct to reinforce the incoming wave going 

directly into the receiver branch line. In this case the two waves do not inter- 
fere and the effect is the same as if all the energy had gone directly into the 
receiver branch line. This case is the exception rather than the rules Some 
form of correcting adjustment is therefore required. 
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373. This adjustment is tuning piston 2. The chamber is sesled off during 

the transmitter pulse period by the flash-over in the C¥.i115 which effectively 
makes the end wall continuous. When echo signals came in, the excitation of 
the resonant slot in the CV.115 is not sufficiently intense to cause flash-over. 
Energy then flows through the slot, reflects at the piston and canes back again. 
If the reflections fran the magnetron are so phased as to interfere with the 
wave going directly down the branch line, we can adjust tuning piston 2 to cause 
a second reflected wave whose phase is such as to cancel out the wave reflection 
fran the cold magnetron. Once the optimum position of the piston is found, 
there is least interference between the reflected waves and the direct wave 

into the receiver branch line. In transmission line temninology, we say that 
the piston is adjusted to introduce an impedance, which, when added vectorially 
to the magnetron impedance causes the incoming wave to see a high impedance | 
along the main output line when it reaches the receiver branch line junction. 
The wave is then pictured as flowing mainly into the receiver lines To adjust 
the piston sane form of observation of receiver output is necessary. The 
piston is then adjusted for maximum output. 


37. Cases may occur where altering the piston setting appears to have 
negligible effect on the receiver output. When this happens, the reflections 
fran the magnetron chamber are already caming back in the approximately correct 
phase and no appreciable correction is called for. 


The soft Rhumbatron, CV.114, TR. Switch 


375. The function of the CV.114 is the same aa that of the CV.43 in the Mark 
ITC installation, i.e., to isolate the receiver fran the transmitter when the 
transmitter fires. This isolation is necessary to get the maximm energy 

into the radiated beam and to protect the crystal. Details of the construction 
of the CVe144 are shown in fige84. ‘The cavity is designed to be resonant in 
the 3 an. band. Pressure tuning is used to vary the resonant frequency by 
varying the cavity volume by means of a slight distortion of the cavity. 


376. The cavity is filled with water vapour at a few mms. pressure. When 
the cavity is excited by the flow of energy into the branch line as the trans- 
mitter pulse begins, the voltage across the lips causes flash-over and intro- 
duces an effective short across the guide. The wave then reflects back into 
the main guides The CVe114 is situated a wavelength fran the junction. The 
reflected wave has then travelled an additional two wavelengths when it gets 
back to the main channel. Hence it is in phase with the outgoing wave and 
does not cause interference and an effective loss of output... As in the CV. 43, 
a probe is provided to speed up both ionisation and de-ionisation. Details of 
the probe action in soft rhumbatron TR. switches are discussed in parase 319- 
320. The negative voltage for the CV.114 probe ia obtained by conmecting the 
probe to the output line of the L.O- power pack through a resistance network, 
Re21, Re22, Re23 (each 1 Me) and R33 (250K }» The CVe11 ionising current 
is about 0.5 mae This current can be measured by comecting an AVO in series 
with the probe cap on the CVe114 and Re 35- The probe must be connected to the 
positive and the lead to the negative terminal of the meter. Unless this — 
ionising current is present the valve is faulty and the crystel will suffer. 
The most probable cause of recurring crystal failure is a faulty CV.114. The 
voltage at the 0V.114 probe will be of the order of <400V. This voltage can 
be measured with an electrostatic voltmeter. The thickness of the two glass 
winiows is different to permit matching of the cavity to the guide sections on 
the sides adjacent to the windows. The side towards the mixing chamber has 
two holes 90° apart drilled in the threaded section ‘he side towards the 
main guide has only one hole. These holes are about 1/32 ins in diameter. 


377+ Wher the transmitter pulse ends a normal CY¥.114 will deionise quickly 
‘and incoming signal waves will not excite the cavity sufficiently to cause 
flesh-over. The wave will therefore contimie into the mixer chamber. 


The Crystal Mixer 


378. Mechanical details of the mixer assembly are shown in fige85(a) and the 
equivalent cirouit in fige85(b). ‘The E vector in the weve-froant advancing 
along the guide will be diametricale ‘The crystal is inserted into the guide 
along a diemeter so as to be parallel to the E vector and thus have the 


rC.0.0896L- L | 


(a) 













LLU mark Tia 
= 
LockialG Nut 
PISTON RING 
UAING, PiSTor 
CRYSTAL OO 8 ASHER 


A 


CRYSTAL 
LocHing SCREW 


FRom Cv iit. 
TR. SWITCH 


“® 





MIXER ASSEMBLY | | 








SECTION AT A-B SHOWING 
LOCAL OSCILLATOR PROBE PROVEGING 
trijo WAVE Quibe : 





Ica 
= MASHER To HEAD 
= ACIPLIFIER 
LOCAL 
OSCILLATOR 
CRYSTAL MUXING EQUIVALENT CIRCUIT 
(c). 
PYE PLUG PYE PLUG C2 ldo PF | 
ON MINER ON HEAD 
AMPU FIER 
Mice 
CRYSTAL WASHER 
_ CRYSTAL 
CURRENT 
+ JACK 
ene 


MARK iia CRYSTAL CURRENT 


CaR CurT. 


FIG.85 


C.D. O896L 


maximum ReF. voltage applied to it. The end of the guide must be closed to 
prevent the wave travelling on past the crystal and out into space again. But 
when the guide is closed with a metallic short the part of the wave which is 

not dissipated in developing a voltage across the crystal travels on to the 

short and reflects. If the canponent of the reflected wave appearing across 

the crystal is not in phase with the direct wave there will be interference and 
partial cancellation. By closing the end of the guide with an adjustable pista 
the phase of the reflected wave can be adjusted to be in phase with the direct 
wave at the crystal. We then abstract the maximum energy fran the wave in the 
crystal. In the transmission line terms, this is described as matching the 


crystal to the guide. 


379. The probe fran the silicon crystal in the crystal capsule makes contact 
with a connector pin coning in fran a Pye socket mounted on the guide, diametri- 
cally opposite the crystal mounting. This commector pin contacts the immer of 
the Pye socket imnere The comector pin is insulated from the guide wall by 

& mica washer through which it enters the guide. The tungsten whisker of the 
crystal makes metallic commection with a metallic crystel holder which threads 
into the guide wall. As the outer of the Pye socket ami the guide wall are at 
earth potential, the mica washer is efféctively in parallel with the crystal and 
across the elements of the Pye socket. The mica washer therefore serves as a 
smoothing condenser for the rectified half=cycles of ReF. passed by the crystal. 
As the electron flow is from the tungsten whisker to the silicon crystal, the 
condenser charges negatively and the output from the Pye socket will always be 
nepative-going. 


380. The CeW. output from the CVe129 LO. is braught to the mixing chambers by 
a short section of coaxial Line. The inner of this coaxial projects radially 
into the guide at right angles to the diameter linking the crystal and the Pye 
mixer output socket. This projecting inner serves to capacitatively couple 

the LeQ. output to the crystal. That is, there is a steady C.W. wave in the 
guide with a diametrical E vector, and also an RF. valtage which only appears 
intermittently when signals came in. The voltage applied to the crystal at 
any instant is the result of the two voltages across it. As the two voltages 
have different frequencies, and hence different wavelengths, they will keep 
going in and out of step. When they are in phase at the crystal their amp 1i tudes 
ada When in antiphase, the amplitudes subtract. The voltage across the 
crystal therefore fluctuates between these two limits. That is, whenever an 
echo signal appears in the guide, the two signals beat to apply a voltage across 
the crystal that varies in amplitude at the difference frequencys If the 
klystron is correctly tuned this difference frequency is 45 Mc/s., the IF. 


frequency’. 


381. While echo waves are in the guide the voltage at the Pye mixer output 
socket will be the smoothed modulation envelope of the rectified crystal output. 
That is, bursts of 45 Mc/s. sinewave will appear with a p-r.f. of 670 o/s. 
Assuming an echo to be of 1 microsecond duration, one such echo burst will 
contain 45 cycles of 45 Mc/s. sinewaves. 


382. In the intervals between echo waves only the steady C.W. wave from the 
L.0. will be in the guide. The crystal output will then be passing a steady 
sequence of half-cycles of the L.0. sinewave. These will be smoothed by the 
mica washer smoothing condenser to provide a standing DeC. voltage at the Pye 
socket. The amplitude of this D.C. voltage will depend on the C.W. input 

applied to the guide and the rectification efficiency of the crystal. Fora 
good crystal the voltage will be a measure of the C.W. input and hence of the 


klystron output. 


383. We see then that there are two canponents in the signal appearing at the 
Pye mixer output socket. The one is a D.C. component obtained by smoothing 
the rectified L.O. signal. The other is an AeC. canponent consisting of 1 
microsecond bursts of 45 Mc/s. sinewaves at a perf. of 670 c/s. These can- 
ponents are taken by a short length of Pye eable to the grid of the first head 


enplifier stage. 


The Crys tal Current Jack 


38. Between the input to the head amplifier and earth we have an I.F. choke 
and a .O004 condenser, Cel.» This condenser offers negligible impedance at 
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45 Mo/s. so the whole A.C. canponent of the mixer output appears across the 
IeF. choke and is applied via 0.2 (100 pf.) to the input coil. The D.C. 
canponent is blocked fram earth by C.1 so this voltage appears across C.1 and 
charges it negatively. By jacking in a meter this D.C. camponent of the mixer 
output can be read as a current indication The tip of the jack will have to 
go to the negative side of the meter and the sleeve to the positive side. The 
normal value of crystal current is about 1-5 ma. The value should not exceed 
6 mae or the crystal will be damaged. The unconventional jack polarity arises 
because the head amplifier was designed for use with a crystal mixer having the 
silison crystal earthed instead of the tungsten wire as in the present case. 


385. The crystals used in the H-2.S. Mark I[I equipments are CV.111's indicated 
by a green spot instead of the yellow spot used on the CV.101's for He2e5. Mark II. 
The CV.111 has a higher current rating than the CV¥.101 and smaller strays. Sub- 
sidiary spot markings are used to indicate the order of the voltage to which the 
erystal shaild stand up. These markings are orange and red spots. A crystal 
with only a green spot is capable of passing the required current for Mark III 
He205- gear but will not stand a very high voltage. if a subsidiary orange 

spot is added to the green spot a medium voltage can be handled and if a sub- 
sidiary red spot is added the crystal has a high voltage breakdown. The green 
spot crystal with a subsidiary orange spot is called a CV.112. If a green spot 
erysteal bears the subsidiary red spot it is called a CV.115. 


The CV.129 Local Oscillator 


386. The He2eS. Mark IIIA local oscillator is a CV.129 type of reflector 
klystrone To overcane the problem of feeder losses, the CV.129 and its 
associated power pack and stabilising circuits are located in the transmitter 
unit. Tuning is done by varying the cavity volime by means of a pressure ring. 
The pressure exerted on the flexible cavity by this pressure ring is varied by 
means of a differential thread tuning control. A crank and gear drive arrange~ 
ment for mamal tuning is provided as a gear box attachment mounted external to 
the transmitter unit case. In the TR 3555 series transmitter unita designed 
for use with the roll=-stabilised scanner Type 71 this gear box is on the side 
of the unit. In the older TR.3555 series units the gear box was mounted on the 
front. A remote control unit, tuning unit type 444, is provided at the H.2.5. 
operator's table. This unit has a crank and gear arrangement which operates 
an Admiralty transmitter that switches the D.C. supply connections to a repeater 
motor mounted in the transmitter unit gear box. The repeater motor armature 
rotation is used to aperate the klystron tuning shaft through a suitable gear 
train to give sufficiently slow frequency variation. 


(2) Mechanical details of the CV.129 are shom in fig.86. 
b) Circuit details are shown in fig. 87. . 


Operating Conditions 

387. The principles wilerlying the operation of the reflector klystron are 
discussed in detail in paras. 334-354 | These principles also apply in the case 
of the CV.129. The essential differences between the CV.129 and CV.67 are in 
size, method of tuning, voltages required end power pack designe The CV.67 is 
operated with the cathode at about -1200V and the reflector at about =1 500Y. 
The CV.129 is operated with the cathode not more than 1600V negative to earth. 
The reflector voltage is 350 - 550V. negative to the cathode. The. normal 
operating current of the C¥.129 1s around 6 ma. and the coupling into the nixer 
is adjusted for a crystal current reading at the crystal jack of about 1+5 ma. 


The Local Oscillator Power Pack 


388. In view of the small dimensions involved in the CV.129 and the short 
wavelength employed, it is obvious that any appreciable fluctuation in the 
voltages applied to the reflector and cathode will result in sufficient change 
in the spacing of the bunches to radically upset the feedback phasing. Shifts 
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in these potentials must therefore incorporate elaborate stabilising arrange- 
ments. 


389. Circuit details of the L.0. power pack are shown in fig.87. Examination 
of the circuit shows the following points. 


(a) 1 provides the stepped up 1000 o/s output which is brought 
in through a suitable noise filter. 

te} Veh, @ W111, is the actual half-wave rectifier. 

c) The effective cathode load of Veh is the beam tetrode stabiliser 
V.5, a VI.t2/. 

(da) The screen voltage for the stabiliser, V- 5, is obtained by 
bridging the screen in on a bleeder between +5O0V. and earth, 
formed by R.30 (22K.) and the VS.70 neon stabiliser, Ve5. The 
+300V. line is supplied from the +300V. pack in the power unit. 
The VS.70 serves to stabilise the screen woltage of Ve5 to +100V. 

(e) V.5 grid is tapped in at a variable point on the bleeder between 
the stabllised screen and the power pack output Line. 

tf} ¥e5 is slanted by the 1.5 M. resistor, R19. 

g) ‘The current passed by Veh can be measured at the jackpoint, Jed. 


390. To appreciate how the output voltage is being stabilised we mst consider 
V5 as a cathode load whose impedance is varied in such a way that when the 
input to T.1 fluctuates the variations in the impedance of V.5 will serve to 
keep the output D.C. voltage constant within very small limits. This variation 
in the impedance of V.5 is achieved by feeding back a fraction of any change in 
the output voltage to Ve5 grid. The tapping point to which V.5 grid is 
returned mist provide a suitable operating potential for Ve5 grid. This 
potential should be about =-20V. as the cathode is returned to earthe Let us 
assume the output voltage is of the order of =2KV. If the grid were to be 
tapped in on a bleeder between ~2KYV. and earth at a <20V. point, the tapping 
point would be only 1/100th of the way up the bleeder. The output voltage 
would then have to change by 100 volts. to cause a 1 volt change at V.5 grid. 
The control obtainable would not be satisfactory with such an arrangement. 

By comecting the bleeder from the -2KV. output line to the stabilised +100V. 
point, we have 2100V. across the bleeder. Tapping at ~20V will be 120V up the 
bleeder, ise-, about 1/18 th of the way up. Hence, a change of less than 200 
(i.e. of 1%) in the output voltage will cause a change of 1 volt at Ve5 grid. 
The control exercised by V»5 therefore becanes much more effective. 


391. Let us assume that the 80V input to Tei primary fron the VeCeP. shows 

a transient increase due to inereased engine speed. The ~2KV output line will 
then tend to swing more negative. Approximately 5% of the increase is applied 
to Ve5 grid to carry it more negative. Hence V-5 passes less current, iee., in 
impedance rises. There is then a reduced flow of electrons into the reservoir 
condensers, C.21 and ¢.22. By correctly adjusting VR.-1, the variation in V.5 
impedance can be made to comterbalance the normal variations that may be 
expected in the 80V supply to T.1 primary. The -eKV output is then effectively 
stabilised. , 


392. Not only must the klystron supply voltage be stable, but it must be correct 
or the CV»129 will not operate reliably and efficiently. The circuit design 
must therefore be such that the selected setting of VRe1 for stability elso 

gives Ve5 such an impedance that the output voltage is correct. Since the 
operating conditions necessary for satisfactory klystron operation are extremely 
critical the major requirement is actually a correct output voltage. We may, 
therefore, say that the design must be such as to give adequate stabilisation 
when the correct output is obtained by suitable adjustment of VRi- 


393. The leak, R19, serves to prevent flash-over in Ve5 when the equipment 

is switched one ‘The SOV input to Te1 and Te2 will be applied when the "L.T. ON" 
button is pressed on the switch unit. When ¥-5 is cold its impedance will be 
high and the proportion of the T.1 secondary voltage appearing between Ve5 anode 
and earth might well cause flash-over. By providing Re19 in parallel with Ve5 
this danger is avoided. Re19 also serves as a discharge path for Ce22 when the 


gear is switched off. 


394. Cs20 prevents RF. pick-up fran influencing the potential of Ve5 grid. 
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The Klystron Circuit 


395. Examination of fige87 gives us the following information about the 
klystron circuit:< 


(a) The reflector potential is that of the output line of the L.0- 
power pack. 
(b) The cathode potential of the C¥-i29 is determined by the output 
line voltage and the potential drop across VReé, Re2} and VRe 3. 
But this potential drop is determined by the kiystron current. 
The klystron current will depend on the klystron impedance which 
will be modified by the setting of VR»3 since this varies the 
grid voltage. We may actually regard VReec, R- 29, VRe3 and the 
klystron impedance as forming a bleeder between the output line 
and earth. AS variation of VRe2 and VRe3 vary the effective 
resistance of this bleeder, both controls vary the cathode potential 
of the klystron and the klystron current. 
(c) The current taken fram the L.0. power pack flows in three channels :-=- 
(4) Through the klystron network and the klystron to the 
earthed rhuwabacron. 
ois Through the bleeder formed by R.25, VR1, R26, R27, R28. 
(iii) Through the CV.114 network to the probe and thence to 
the earthed rhumbatron via the ionisation leakage fram 
the probe to the rlnmbatron. 


396. ‘The voltage of the power pack output line will obviously depend on the 
current drain imposed an it. It follows then that we cannot set up VRe1 to 
sane arbitrary voltage level and then adjust the klystron controls to get a 
suitable operating point for the klystron, since adjustment of the klystron 
controls alters the current drain and hence the reflector voltage. Setting 

up the klystron controls, VR-2 and VRe5, and the power pack control, VRe1 are 
therefore not independent operations. Setting up actually calls for conse- 
cutive adjustment of the controls in a series of successive approximations 
which must terminate with stable klystron operation at a suitable amplitude 
level. Fran operational experience it has been found that the finel conditions 


ealled for are:- 


te Klystron cathode not negative to earth by more than 4 600V. 

b>) Total EeHeT. current drain not greater than /«5 mae { about 
6 ma. to klystron). 

(sc) Crystal current at the crystal jack of 1+5 ma. 


The crystal current value is dependent on adequate oscillation in the klystron 
go is essentially a consequence of the first two conditions rather than an 


additional condition. 


397. The 7e5 ma. current drain is a figure found from experience. It 
represents about 6 ma. klystron current, O.5 ma. soft riumbatron current 
(CVe114), and 1 ma. bleeder current. To have a constant visual indication of 
this current drain a meter is jacked in at the jackpoint, Je2. ‘The tip of 
the jack mist go to the meter positive and the sleeve of the jack to the meter 
negative terminal. The jack tip will be at a potential of about ~1000V. with 
respect to earth. The resistor, Re18 (10K.), serves to avoid the danger of 
a faulty jack point disconnecting Ve5 and leaving Ve4 without its stabilising 


cathode doad. 


398. To permit observation of the klystron cathode potential while setting 
up VRe1, VRe2 and VRe5, an electrostatic voltmeter must be comnected between 


the klystron cathode and earth. 


Klys tron Output Controls 


399. The principle of picking up an Re 
a klystron is discussed in parae 551s 
coupling loop is used to pick up the kly 
length of coaxial feeder. The voltage impressed on this fee 
course, be varied by varying the plane of the coupling loop. 


F. voltage fran the resonant cavity of 
In the case of the CV.129, a very tiny 
stron output and impress it on a short 
der can, of 

The other end 
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of this coaxial line has its inner projecting radially into the mixing chamber 

to serve as a capacity probe. The intensity of the current set up in the 

erystal chamber by the LO. input depends on the distance between the end of the 
probe and the crystal. This distance is adjustable so serves as an input 
control. In practice, the klystron coupling loop is set for maximm coupling 

to put the maximm Re}. voltage on the coaxial line. The distance that the 
launching probe projects into the mixing chamber is then adjusted to give a 
crystal current reading of 1.5 ma. on a meter jacked in at the crystal jack~ 
point. The reason for this arrengement is to prevent the loss of signal power 
via the coaxial line to the L.O. Obviously, such losses are minimised by 
reducing the distance that the coaxial probe extends into the mixing chamber 

as much as possible. This arrangement calls for maximum coupling at the klystron 
to get sufficient C.W. into the mixing chamber with the minimum input coupling and 


hence the minimum reverse coupling. 


The Head Amplifier 


400. Circuit details of the two stage VR-91 head amplifier are shown in fig. 82. 
The overall gain of the two stages is about 17 for a screen potential of about 
170 voltse The voltage applied to the screen of the second stage is varied by 
Means of the gain control on the switch unit. The H.T. supply and screen 
supply to both valves should be broken when the Lucero switch is set for either 
Bor BAe Details of the channels are shown in fig.89. 


401. A grid bias of -1.5V. is applied to the second stage. Re 6(1-5K.} and 
Re7 (100K.) form a bleeder between -100V. and earth and the grid is tapped in 
at the junction. The -(400V. supply is obtained fran the -100V. neon stabilised 


negative rail in the receiver~timing unit. 


4,02. When a valve has been replaced it is desirable that circuits immediately 
before and after the particular valve should be realigned. The time fre- 
quencies for the various circuits are as follows:-~- 


Input circuit 45 Mc/s. 
Coupling between stages 47.5 Mc/s (two tuning adjustments) 
Output Circuit 45 Mc/s. 


For the purpose of tuning up a C.ife output from a signal generator should be 

fed into the unit through a suitable resistance to bring the effective generator 
output impedance up to 250 ohms. To represent the mixer and cable capacities 

a 3 pf. condenser should be comected across the Pye elbow socket used for 
connecting to the input plug. The output should be connected by the normal 

cable to the I.F. amplifier in the receiver. A suitable meter across the diode 
detector cathode load showld be used to observe the response. With this arrange- 
ment the circuits are tuned to give a maximuwa with an input signal of frequency 
corresponding to the particular circuit as tabulated above. fhe trimmers should 
be sealed after tuninge For the first circuit Durofix should be used. Paraffin 
wax ig used for the interstage coupling and the output. 


1.0%. When putting in new valves care must be exercised to ensure that the valve 
pins and spigot are correctly aligned with respect to the valve holder before 
attempting to force the valve into position. Failure to observe these pre- 
cautions will invariably result in breakage of the pin seals in the valve base 


or damage to the holder. 


LOL. The output is at an impedance of 95 ohms suitable for feeding a terminated 
cable of this impedance. For this purpose a wniradio 31 cable is used to Link 
the green Pye output plug on the transmitter unit and the green pye input plug 
on the receiver-timing unit. The performance of the head amplifier is indepen- 
dent of the cable length when operating into this type of cable and the univeraal 


type 153 I.F. strip. 
The I.F. Amplifier 
405. Full circuit details are shown in fig.82. 


406. Official response curves are shown in fig.88. 
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107. The 5estage, VRe91 I-F. amplifier is part of a universal IeFe strip 
known as receiving unit type 153. ‘This universal wit is made as a sub- 
assembly suitable for building into standard airborne boxes. The overall 
bandwidth is about 45 t 2 Mc/s.» The overall gain at 45 Mc/s. is of the order 
of 30,000. Gain by stages is as follows:- 


(2) First 3 stages - Each about 8 at 45 Mc/s. The mutual coupling is 
adjusted to give a slightly overcoupled response with slight 
double peaking at 43 Mc/s. and 47 Mc/s. 

(>) Fourth stage - About 7 at 45 Mc/s. Coupling is such as to give 
a single~peaked response at this frequency. 

(c) Fifth stage - About 9 at 45 Mc/s. Arranged to give a double- 
peaked response. 


The overall response should be reesonably flat over the range 45 ~ 4/ Mo/s. 
The gains quoted above assume a screen voltage of 170 for the first four 
veriable gain stages which is above that actually used. 


408. The first 4 stages are rum with a fixed negative bias of about 1-5 volts 
on the grids. This voltage is obtained by tapping in at the junction of Re 3h 
(470 ohms) and Re42 (33K-) placed between the stabilised -100V. rail and earth. 
The fifth stage operates with auto~bias. 


The Gain Control Valve, Ve9 


409. VWe9 serves as a gain control valve. Details of the gain control circuit 
are shown in fig.89. R61 and R62 in parallel are comected in series with 
R.57 across the 300V. line. The series combination of Rk. 63 in the receiver 
and the gain control potentiameter in the switch unit, is in parallel with 
R57. Varying the gain setting then varies the D.C. potential to which V9 
grid is tied and hence the current passed by ¥»9 which is strapped as a tetrode. 
Te cathode is bridged in on the bleeder formed by paralleling R. 61 and R62 in 
series with R66 to enable V.9 to be cut off. The range of variation on the 
gain control is as follows:~ 


Max. Gain Half Gain Mine Gain 


es Grid 2e7 Ve 10 Ve 15 V. 
b) Cathode 7 =«Y: 12 V. 46 ¥: 
tS Anode 430 «6. 70 Ve 30 V. 
a) Junction of R64 1,0 Ve 80 V. L5 Ve 


and R65 


These readings were obtained on a DeC. scope with HeTe at 290V. and the 
negative rail at -95V. For a higher H.T. level the readings would vary 


accordingly. 
Effect of the Incero Switch 


410. Relay C is used to switch the controlled screen voltage to the second 
head amplifier stage. If the Lucero switch is set to "OFF" or "B + H", the 
supply (coming originally fran the +300V. pack in the power unit} is campleted 
to the solenoid. The head amplifier screen supply is then canpleted via 18/42. 
If the Lucero switch is set to either B or BA the supply to the relay solenoid 
is broken at the same time as the H.T. to both valves and. the screen supply of 
the firat valve are broken. There is then no screen supply to the second head 
amplifier valve when its HT. supply is cut off. This is done to help push 

up the maximum gain of the I.F. amplitude proper for the Lucero signals. If 
the screen supply were left completed when the H-T. is cut off, the second 

heed amplifier valve would draw an increased current from the gain control valve 
and would thus lower the controlled voltage to the I.F. amplifier screens 
Breaking the screen supply reduces the loading on ¥e9 and thus raises the I-F. 
screen voltages, and hence the I.¥. amplifier gain. This is desirable since 
the Lucero input is applied through the attenuating pad formed by R.1 and Red. 
The gain measured from the brown Lucero input is out by half as canpared with 
the gain measured fran the green He2e5- input. 
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Tuning of the I.F. otages 


441. When a valve has been replaced it is desirable that the circuits 
imediately before and after the particular valve should be realigned. The 
tune frequencies for the various ciroits are as follows:- 


a) Input circuit Preset 

b) Coupling between Vet and Ve2 47¢0 Me/s.(two adjustments 
c) Coupling between Ve2 and Ve3 47.0 Mc/s.( * " 

d} Coupling between Ve3Z and Veh 47-0 Mc/s.( " " 

e) Coupling between V.e4 and Ve5 45.0 Me/s.( " " 

f£) Coupling between Vo5 and ¥«6 4703 Mc/s.( " " 


A CW. output Pron a signal generator with an output impedance of 95 ohms 
should be fed into one of the input plugs and the output observed on a high 
resistance voltmeter connected across R48 (5.6K.}, the load of the diode 
detector, Alternatively, a millianmeter may be comected in series with 

this load. In either case, to prevent feedback a filter should be used in 
the meter lead. A .001 condenser comected to ground followed by 220 ohms in 
series and another .001 to ground will provide a suitable filter. The circuits 
are then tuned to give a peak with an input signal of frequency corresponding 
to the particular circuit as tabulated above. The Durofix used to seal the 
threads of the tuners will peal off easily if the screws is turned gently at 
first. When timing is completed the screws should be resealed with a small 


quantity of Durofix. 


412. The cautions outlined in para.403 with regard to changing valves 
obviously apply equally well to thé I.F. amplifier. 


ouppressi on 


413- AS the CV.114 TR switch will not flash-over instantaneously when the 
transmitter fires and does not provide perfect receiver isolation after flash- 
over has occurred, there is always some transmitter breakthrough into the 
mixing chamber. This breakthrough is amplified by the head amplifier stages 
and applied to the first I.F. stage. The strength of this signal will be 
sufficiently great to cause paralysis of the receiver if no provision is made 
for rendering the receiver insensitive while the transmitter is pulsing. To 
overcame this problem a suppression pulse is applied to the suppressors of the 
first three I.F. stages. V.412 serves as the suppression generator. Details 
of the operation of V.412 are given in para.364. $The suppression pulse is 
developed across the anode load (R.470, 5K.). The diode, V.10, comected 
between the suppression line and earth, serves to keep the suppressors fran 
swinging positive at the termination of the suppression pulse. The position 
of the suppression waveform with respect to the transmitter pulse is adjusted 
by means of the suppression preset mm the panel on the receiver~-timing unit 
until only the tail of the transmitter breakthrough shows on the height tube 
(or monitor 28) when the receiver output is scoped). For operation with Fish- 


pond this setting may require modification. 


The Diode Detector 


hih. The output of the final J.F. stage is applied to the cathode of V.6 | 
(VR-92) which develops a negative-going output. 606.38, L.17, C-39, Le18 form 
an I.F. filter which amooths the detector output to develop the video pulse 
-envelope across the detector load, R48 (5eGK.). C.40, Reb form a 0.1 sec. 
AeCe coupling to the cathode follower, Ve/. This AeC.- coupling prevents the 
possibility of jamming by means of C.W. signal in the I.F. band-pass which 
might bias back the detector, amd hence the cathode follower grid, if D.C. 


coupling were used: 


The Cathode Follower 
Li5. V.e7 has its cathode bridged in at the junction of R.50 (10K.) and 
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Re51 (15K.). These resistors serve as a bleeder between <100V. and earth. 
If Vo7 had no heater voltage its cathode potential would be ~60¥. As the 
valve warms up and cathode current flows the electron flow fram the -100Y. 
line is mainly through the valves. Under normal operating conditions, V-/ 
cathode potential is then about +3.5V. This bridging arrangement permits 
operating cmditions for V.7 which prevent limiting on Ve/ grid on strong signals 
without recourse to special arrangements for a positive grid bias. As the 
grid swings down the cathode potential can swing negative to earth instead of 
stopping at earth potential which would occur if the cathode load of Ve/ were 
returned to éearthe Re 50 (10K. ) is the effective cathode load. The cathode 
follover output waveform can be scoped at the spare Pye plug on the receiver 
panel which is not used. 


The Receiver Output Valve 


416. V.8 (VR-53) serves as the receiver output valve with R451 (1K.) serving 
as the effeotive anode load as R.452 is effectively decoupled by C40. 

Paras. 368 ami 369 outline briefly the way the course and track marker are 
introduced at ¥e8 suppressor and the details of V.8 output. 


The Receiver Power Pack 


hi7. As the 300V. power pack on the power unit is incapable of supplying the 
necessary current for all the valves running off a 5O0OV. supply, a second 300V. 
pack is included in the receiver-timing unit. Circuit details are shown in 
fige82. VWei3 is a DWhG full-wave (double half-wave) rectifier which develops 
a naninal 300V. output for the receiver-timing unit and the head amplifier 
stages on the transmitter unit. le 22 and C.43 provide the necessary smoothing. 


418 The metal rectifiers, V.i1 and ¥.12 provide a second full-wave (double 
half-wave) rectifier stage which develops a -100V. output. Le25 and Codd 
provide the necessary smoothing and the neon, Vei4, provides stabilisations. 
This stabilisation is necessary in order to obtain a steady grid bias for the 
first four I.F. stages and the second head amplifier stagee Any ripple on 
this supply will tend to cause spoking. 
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CHAPTER / = THE MARKER CIRCUITS 


General 


419. Three different markers are used in the He2.S. Mark IIC and Mark IIIA 
displays. The range marker appears as a ring on the P.P.I. display and a blip 
to the right on the height tube display. The height marker appears as a blip 
to the left on the height tube. The heading (course) marker appears as a 
radial line on the P.P.I. display. When a switch on the indicator 184 is set 
to the "Track" position the radial marker serves to indicate the aircraft 
track. The next phase of our study of H.2.S. will deal with the way these 


markers are developed. 


The Heading Marker | 


420. The heading marker circuit is the seme in the He2eS. Mark IIC and 

Mark ITIA installations. Details of the circuit used to develop the heading 
and track markers are shown in fige93. The circuit used in setting up the 
marker is sham in fige1i1. Before making a study of these circuits it may be 


helpful to tabulate the following outline:- 


(a) The actual marker pulse is a positive-going signal applied 
to the P.P.I. grid once in every revolution of the scanner. 

(b) The effect of this marker pulse is to increase the P.P.I. 
emission sufficiently to enable the electron beam to cause 
the screen to fluoresce as the beam moves from the tube 
centre to the ciroimference. 

{c) The pulse duration is long enough to brighten up one full scan 
and all or part of the next. 

(ad) The marker pulse proper is taken off at the anode of the 
receiver output valve. It is developed by driving the 
suppressor down by means of a negative-going pulse of suitable 
auplitude and duration. : 

(e) The pulse applied to the suppressor of the receiver output 
valve is initiated by a camtact arrangement in the scanner 
which must operate automatically to earth the pulse-forming 
circuits in the receiver~timing unit. 

(f) To enable the H.2.S. operator to take the marker off the 
P.P.eIe display without stopping the scanner a switch must be 
provided at the operator's position. This switch is on the 
switch unit and is labelled "Line of Plight". The incorpora- 
tion of such a switch considerably camplicates the circuit design 
as the switch must be introduced in voltage supply channels 
that originate in other units. 

(g) When a bombing run is being made it is desirable to have a 
track marker instead of a heeding markers Hence it is 
necessary to incorporate another contact in the scenner which 
can be suitably offset from the heading marker contact. 

(h) In order that the He2eS. operator may choose tlie heading or 
track marker at will it is necessary to provide a switch at 
his position that will enable him to introduce the appropriate 
scanner contact into the circuit. This switch is fitted on 
the indicator panel and is labelled with the two positions 
"Course" and "Track". Cbviously, the incorporation of this 
control again complicates the wiring channels required. 

(i) To set up the scanner “Course” and "Track" contacts the H.2.S. 
operator mist have a remote control at his position. This 
control is located in the heading control unit type 446. It 
is essentially a setting }mob which operates a set of cams or 
"transmitter" that switches the D.C. connections to "Course" or 
"Track" repeater motors in the scanner. A switch is provided on 
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The heading control unit which aust be set to "Course" when the 
setting control is used to operate the "course" repeater motor and 
to "Track" when the control is being used to operate the "track" 
repeater motor. This switch must be set to "Auto" once the setting 
up has been done. 

Since the heading marker must move as the airoraft alters course, 
provision must be made to use the aircraft rotation to move the 
heading marker through the sane angle as the aircraft turns. This 
is achieved by having the D.R. compass operate a transmitter similar 
to the one on the heading control unit. This transmitter switches 
the D.C. connections to a "course" repeater motor in the scanner. 
The motor armature then Grives the magslip stators through a suita- 
ble gear train. The gearing used in the DR. campass drive and in 
the scanner is such that the magslip stators are displaced through 
an angle equal and opposite to the airoraft rotation. The P,P. 1. 
map then remains stationary and the marker turns through the same 
angle as the aircraft as discussed in Chap.4, paras. 171, 172, 175, 
174. : 

Since the DR» campass transmitter must be disconnected from the 
“sqirse" repeater motor and the hand=-operated trensmitter in the 
heading control unit comected in its place when the heading 
marker is being set up, the control channel from the DeR. canpass 
to the scanner must be routed through the heading control unit. 
Once the track marker camtact has been set up an autanatic 
adjustment must be made when the drift setting is altered. This 
drift setting is made on the Mark 14 banbsight. In order that 
the banbsight adjustment may result in the correct displacement 
of the "track" contact in the scarmer a flexible drive cable 
fran the banbsight head operates another transmitter in a control 
unit type 468. The transmitter camtacts then switch the DeC. 
connections to a "track" repeater motor in the scamner. The 
motor armature then displaces the "track" contact through the 
appropriate angle by means of a suitable mechanical link. 

Since the banbsight transmitter must be disconnected fran the 
"track" repeater motor armature and the hand-operated trans~ 
mitter in the heading control wit comected in its place when 
the track marker contact is being adjusted, the control channel 
fran the control unit type 468 to the scammer mst also be routed 
through the heading control unit. 

When the heading cantrol unit switch is set to "Course" the 
control channel fran the DeR. campass to the scammer is broken 

in the heading control mit. A 2h¥. supply, brought into the 
heading cantrol wit on a 2=pin ceble fram the power unit, is 
then connected to the "course" repeater motor via the hand- 
operated transmitter in the control unit. Operating the setting 
knob then operates the "course" repeater motor armature and the 
magslip stators can be adjusted to bring the heading marker up 

on the bearing of the aircraft heading. The indicetar 184 
switch mist be set to "Course". 

If the heading control unit switch is set to "Track" the control 
channel fran the control unit 468 to the "track" repeater motor 
in the scanner is broken. The tranamitter in the heading 

control wit is then connected to the "treck" repeater motor. 

If the switch on the indicator 184 is now set to "Track" the 
marker on the indicator is a track marker If the bombsight 
head is set for zero drift the track marker should coincide with 
the heading marker and the aircraft heading. Hence, to set up 
the track marker contact zero drift is set on the banbsight 

head. The heading control unit and indicator 184. switches are 
set to "Track". The setting knob is then used to bring the 
track marker up on the aircraft heading. The "track" contact 

is now correctly adjusted. 
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(p) The heading control unit switch is now set to "Auto". The 
DeRe canpass transmitter control channel to the "Course" repeater 
motor is then campleted through the heading control unit. 
Similarly, the bombsight control channel from the transmitter in 
the control unit type 468 to the "Track" repeater motor is 

- completed through the heading control unit. Any alterations in 
aircraft heading now automatically cause the magslip stators to 
turn through the appropriate angle. Any change in the drift 
setting will now displace the "Track" contact through the 
eppropriate angle. 

(q) Which marker appeers on the P.P.I. display is determined by the 
setting of the switch on the indicator 184. The switch unit 
"Line of Flight" switch must, of course, be closed to get either 
marker. The indicator switch merely connects the appropriate 
scanner contact to the circuits in the receiver—timing unit which 
generate the pulse that is applied to the suppressor of the 
receiver output valve. 

(r) The switch on the switch unit decides whether or not the 500V 
supply to the circuits in the receiver-timing unit are comple ted. 


421. Suwmarising, we may gather up the functions of the various controls as 
follows:- 


(a) The "Line of Flight" switch on the switch unit completes the 300V 
supply to the circuits which form the pulse applied to receive 
output valwe suppressors 

(b) The indicator 184 switch decides whether the "course" or "track" 
contact in the scanner is connected to the pulse-forming circuits. 

(c) The pulse formation is determined antamatically by the scanner 
rotation by earthing the pulse-forming circuits via the contact 
selected by the indicator 184 switch. 

(a) The pulse formation will only produce a marker at the correct 
position on the P.P.I. display if the magslip stators have beer 
correctly set up and the "track" comtact has been correctly 
set up. 

(e) The magslip stators are set up by setting the indicator switch anc 
heading control unit switch to "Course" and operating the setting 
control on the heading control unit. 

(f) The "track" contact is set up by setting the indicator switch 
and heading control unit switch to "Track" and operating the 
setting control on the heading control unit. 

(g) Automatic correction of the magslip stator setting by the DR 
compass, and of the track contact setting by the drift setting 
placed on the bombsight head, is only introduced when the 
heading control unit switch is set to the "auto" position. 


Mechanical Details 


422, The essentials of the mechanical arrangements in the scanner are shown 
in fig.93- The contact ring is in a flat metal amular ring mounted on top 
of the fibre gear wheel which drives the magslip rotor from the scanner shaft 
The shorting contact is a projection towards the centre, about dn long and a 
wide. Mounted above the contact ring by means of a bracket are two metal 

spring contacts. Te outer of this pair is in continuous metallic contact 

with the contact ring. This spring contact we shall call the earthing conta 


as it is earthed in the receiver-timing unit. The inner of the pair is re- 
turned to the "Course" side of the indicator 18 switch. Every time the 
scanner rotation brings the shorting contact against the spring tip of the 
"sourse” contact the "course" contact will be earthed. R.465 in the receiver 
timing unit is then earthed until the two contacts separate. The two contact 
should meet as the scanner goes through the dead-ahead position. The "track" 
contact, returned to the "Track" side of the indicator 184 switch is mounted 
above the fibre gear wheel to which the contact ring is attached. It is 
swivelled on a bearing which coincides with the centre of the gear wheel and 
ring. This "track" contact has an arn extending back fran its bearing which 
engages in a slotted bush. The bush tracks up and down a worm driving rod. 
The rod is geared to the "track" repeater motor which is operated by the 
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tranamitter in the control unit type 468 when a drift setting is made on the 
bombsight head. If the "track" contact is correctly set up the shorting 
contact earths it when the scanner looks into the direction of the aircraft 


track. 


How the Heading Marker Pulse is Developed 


423. The generation of the marker can most readily be understood by studying 
the basic circuit and waveforms in figs. 91 and 92. When the "Line of Flight” 
switch is closed on the switch unit the following circuit actions occur:- 


(a) 300V. is connected in series with R418 (4 Me) and Co423 (01). 
C.423 then charges up through Re4i8 towards 500V. The time 
constant is 100,000 microseconds so the condenser will charge to 
about 200V. in 1/10 second. 

(b) The 300V. supply is also connected in series with R418 and C.422 
(.0035). ‘The other side of C.422 and the suppressor of the 
receiver output valve will be effectively at earth. Re4i6 (1 Me) 
and half of the double diode V-410 form a bleedGer across the 300Y. 
line in the receiver-timing unit. As the conducting impedance of 
the diode is small in camparison with 1 M. the suppressor of the 
output valve will be only a fraction of a volt above earth 
potential. C422 will then also charge up to 300V. through R418. 
The time constant is 3500 microseconds. We shall thus have Ce422 
and C.423 charged up to 300V. in under 3 half-second. 


42). Suppose the indicator 184 switch is set to “Sourse". When the scarmer 
goes through the dead-ahead position, the shorting contact earths R465 (1 K) 
through the contact ring and earthing contact. C-42), charged to 500V, is 

now earthed through R465 (1 Ke). The.candenser will discharge rapidly as the 
time constant is only 100 microseconds. The potential at the junction of C422 
and (e423 falls very rapidly fran +300V. towards earth potential. At the 
instant Re465 was earthed the right plate of C.422 was at +300V. and the left 
plate at nearly OV. That is, the potential difference between the piates was 
300V. While C.422 was charging electrons flowed away fran the right plate 

to HeT. leaving the plate positive. Electrons in the dielectric then moved 
towards this plate and left the opposite side of the dielectric with a deficit 
of electrons which attracted the electrons fran the left plate and left it 
positive. Electrons from the HeT. supply then flowed to the left plate until 
it was back at earth potential. When R465 is earthed electrons flov fron 
earth to the right plate of C.422 until it falls to earth potential. There is 
then no longer any attraction on the electrons in the dielectric which surge 
back to their neutral positions. The dielectric then is no longer positive 

at the left plate and the electrons previously held now swing back into the 
metal. This leaves the outer surface with an excess of electrons which drives 
it negative. The result of earthing Rei65 is then to drop the right plate of 
Ge422 Prom +300V towards OV and the left plate from OV towards ~300V. The 
detail above has been given to help the radar mechanic who feels that Ce422 
should discharge through R465 without exerting any effect on the suppressor of 
the receiver output valve. 


425. as the left plate of C.422 falls from OV towards =—300V., the suppressor 
of the receiver output valve goes down with it and anode current is cut off 

on the suppressor. The anode potential then rises sharply to give the leading 
edge of the heading marker pulse which is ultimately applied to the P.P.I. grid. 
Since the time canstant of C423 and Rei65 is only 100 microseconds the 
suppressor of the output valve will be carried down quite rapidly. when the 
fall ceases electrons will flow fran the left-hand plate of C-422 through Reht6 
to Het. The time constant is 3500 microseconds so we may expect the suppressor 
of the output valve to have risen to cut-off in sanething like 2000 ~ 2500 
microseconds + In the meantime anode current is cut off. Hence, the positive 
pulse at the anode contimes for the 2000 = 2500 microsecond period that 

elapses between the instant thet R465 is earthed via the "course" contact in 
the scanner and the instant when the suppressor ge ta up to cut-off again. The 
P.Pele grid is then raised by the heading marker pulse for a sufficiently long 
period to ensure the brightening up of at least one full scan since one scan 


must occur every 1500 microseconds. 
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426. As soon as the shorting contact is carried clear of the "course" contact 
by the scanner rotation, R465 is again floating. The 300). supply is then 
again connected across C.423 and Re419 so Co423 again charges up to +300V. 

At the same time the right plate of C.e422 will be charging towards +300V. 
through Re4i9. Both condencers have ample time to canplete their charging 
before the scanner has canpleted another turn to repeat the earthing of R435. 
0.423 provides an effective earth for pick-up which might otherwise be applied 
to the suppressor of V.& and thus be mixed with the signals and markers. 


Development of the Track Marker Pulse 


427. If the indicator switch is set to "Track", the only difference is that 
R465 is now earthed when the shorting contact meets the "track" contact. If 
there is zero drift this should occur when the scanner goes through to dead- 
ahead position, just as before. If there is drift, Re465 may be earthed | 
either before or after the instant the scammer passes through the dead=ahead 
position, depending on the wind direction. If the "track" contact has been 
correctly aligned, the track marker will appear at the bearing on the P.F.I. 
which gives the aircraft track. : 


The Action of the Repeater Motors 


428. The repeater motor operates on the principle that if a piece of soft iron 
is free to move in a magnetic field it will experience a torque which tries to 
bring the cross-section of the iron at right angles to the field. The magnetic 
lines of force emerge from the north pole of the magnet or 2lectromagnet and pass 
across the intervening gap to the south pole. If it is an air gap the lines of 
force will pass straight across in the centre and will bulge outside on both 

_ gides due to mtual repulsion between themselves. That is, the lines will be 
as short as mitual repulsion between themselves will permit. If a piece of 
magnetic metal like soft iron is now introduced into the field the lines of farce 
will all try to crowd into theiron as it offers a higher permeability than aire 
Unless the iron is perpendiculer to the field the lines will be distorted. In 
the attempt to shorten as much as possible they exert a turning force or torque 
on the iron. If the iron is suitably suspended it will turn until the total 
path in the iron is as long as possible but the total line length is as short 


as possible. 


429. In the repeater motor we have a cylindrical armature with a rectangular 
soft-iron central section. This armature is mounted in suitable end bearings. 
The field is developed by means of current from a 24V. supply passed through a 
suitable field winding arrangement. This field winding actually comprises three 
windings with one point common. If +24V. is connected to one free end and -2i,¥. 
to another free end electrons will flow through the two windings thus connected 
in seriese If 4#24V. is comected simultaneously to two free ends and -24V. to 
the other free end, electrons will flow through the one winding to the canon 
point and then divide equally the two windings leading to the +24V¥. ends. 

If ~24V. is comected simultancaisly to two free ends and +24V. to the third qe 
electrons will flow from both =-24V. ends through the associated windings to the 
cammon point. There the two streams will converge and flow through the third 
winding to the #24V. end. Each winding may be regarded as en electromagnet 
developing a field across its pole faces. The poles thus developed produce 
fields across the gap in which the armature is pivoted. The separate fields 
will add vectorially to produce a resultant field. This resultant field will 
then decide the position in which the armature comes to rest so as to provide 
the maximm path length through the soft iron and the shortest total pathe As 
the DeC. commections to the free ends of the windings are switched the polarity 
of the separate fields is varied. The direction of the resultant field is then 
varied and the armature is pulled into a new position If a suitable mechanical 
link is provided the torque developed by the resultant field will not oly pull 
the armature through the rotation angle of the resultant field but will also 
provide the motive power for displacing same other mechanisn. 


Control Action of the DR» Campass 


430. A 24V. aupply from the aircraft DeC. supply is taken to the D-Re compass 
box where it is applied to the transmitters used to operate the various repeater 
compasses and the “course” repeater mMOotore Tie connections from the trans- 
mitter cems are brought ultimately to the free ends of the respective repeater 
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motor ameture windings.e In the cese of the "course" repeater motor the 
comnections are brought to the heading control unit (see figeii1) on a 4-pin 
plain from the DR canpass terminal block. Inside the heading control unit 
cormections are made via the switch to pins 1, 2 and 3 of the 6A violet to the 
scarmner. If the switch is in the "Auto" position the connections to these 
pins ere completed. At the scanner-end of the cable these pins are connected 
to the three free ends of the "course" repeater motor field winding, 


431. If the aircraft turns the relative movement between the campass bowl and 


the needle is used to operate the various transmitters. The connections to 
the red, green and blue terminals of the windings then go through the following 


sequence; 
-|- +|+ 


- ++ ] + 
+ | + ~f-/f- [= 
~ + 
+ indicates connection to + 24. 


1 
Red + 
+ 
= indicates connection to - 24V. 


Black or Blue 
Blank indicates that terminal is floating. 





























Green 





It will be noted from the above table that the sequence consists of 12 different 
canbinations which then repeat themselves. A turn of 3° by the aircraft causes 
the transmitter to change from its position when the turn commenced to the next 

one on the table. The whole sequence will then occur for a turn of 6°. 


432 As the transmitter cams switch from any one of the above positions to the 
next in the series the resultant field operating on the repeater motor armature 
turns through 30°. The armature is then pulled through 30°by the resultant 
torque. This movement is applied to the magslip stators through a 60:1 ali 
metal gear train. A $° aircraft turn results in shift of one position on the 
transmitter. This turns the repeater motor armature through 30°. The 60:1 
reduction gear then displaces the magslip stators and the timebase through ae 
The timebase is then displaced through the same angle as the aircraft turn end 
the map therefore remains stationary. As the rotation of the magslip stators 
has displaced the scan occurring as the scarmer goes through the dead~ahead 
position by an angle equal to the aircraft turn, the heading marker is rotated 
through the aircraft turme The new position of the marker will then indicate 
the new aircraft heading provided it had been correctly set up initially. 


Setting Up the Heading Marker 


4.33. When the heading control unit switch is set to "Course" the D.Re compass 
trensmitter connections to the switch are left floating. The + and ~ 2hV. 
comections coming fran the power unit to the heading control unit via the 2B 
plain and thence to the switch are comnected to the transmitter in the unit 

and its cams are connected to pins 1, 2 and 3 on the 6A violet to the scammer. 
The field windings of the "course" repeater motor are now comected to these 
cams. Turning the setting knob switches the supply connections through the 
same sequence of 12 combinations as we obtain fran the D-R. canpass transmitter. 
The setting control thus enables a mammal rotation of the magslip stators through 
360°. By means of this control the timebase sweep appearing when the scanner 
goes through the deed~ahead position may be made to appear anywhere on the P.P.f. 
Setting up the heeding marker and H.2.S. mep then merely involves the following 


routine:=- 


(a) Set bearing ring on F.P.I. to aircraft heading as given by 
master canpass- 

(b) Set scanner turning with scanner motor switch on switch unit. 

Set "Line of Flight" switch on switch unit to "ON". © 

Set indicator 18) switch to "Course". 


Set heading control switch to "Course". 
Operate setting knob on heading control wnit till the heading 


marker flashes up along the bearing ring pointer. 


Soa 


The track marker can then be set up as outlined in paras 4.36. 
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.. Bambsight Control of the “Prack" Contact 


43h. It was pointed out in parae422 that the track cmmtact is swivelled.on.. _ 
g bearing coinciding with the centre of rotation of the contest ring and that | 
an arm extending back from this bearing engages 4 slotted bush  This.bush.._ 
.’ tracks up and down a worm driving ‘rod which is geared to the "track" repeater 
motor. Rotation of the motor armature then results ina rotation of the ."track" 
contact about its bearing. In order that the track marker may give the correct. | 
- airoreft track this contact mist be so placed that the shorting contact meets it — 
.. when: the scanner is looking in the direotion of the aircraft track. This means - 
. ‘that contact mst be made when the scemmer is off the dead-ahead position by, the. - 
@rift angle. If there is no cross wind the drift is zero and heading: and track. - 


“ are coincident. Under these. conditions the: shorting contact matmeet the 9... > 
+ "track' and "course" contacts similtaneously. If there is a cross wind it mst —. 
< pe allowed for in both bombing and navigetion, 00 


435. The drift is found by means of the banbsight.computor and is set-on the. | . 
. pighting head by means of a flexible drive from the computor. This flexible 
-' drive is intercepted and used to operate a transmitter in the control. unit type _ 
468. . This control unit is mounted at the bottom right hand of: the bombsight.  — 
. The + and — 24V. DeC. cormections. to. the transmitter in the control wit.type.  . 
468 are taken through the heading control unit via the switch... When:the.switch .— 
is set to "Auto" comections are made froma the ZB plain to pins 5 and 6'of the’. 
6B green fran the heading control unit to control unit type 468. The. camsion: 
the trangaitter are comeoted to pins 1, 3 and 4. on the 6B green. Inthe . 
heading control unit cross-comestions are made to pins 4; 5. ana 6 of the 6A | 
violet to the scammer. At the scanner end these pins are connected ‘to the > 
three free ends of the "track" repeater motor field windings. If the switch - 
‘is set to "Auto" and any drift adjustment is made at the bombsight, the trans- > 
mitter in the control unit 468 is~operated and the De. connections to the "track" 
- pepeater motor are switched in accordance with the sequence outlined in para.431. 
The armature rotation drives the linkage to the "tradc” contact and causes it 
to rotate about its bearing through the drift angle setting made at the computor. 


‘Setting Up the Track Contact. | | 
436. When the heading control switch is set to “Track” the + and = ) i 
-gomeéetions to the transmitter in the control unit type 468 are broken. The 
Strgek" repeater motor field winding terminals are now comeocted to the cams of 
"the transmitter in the heading oamitrol unite Operation of the setting control — 
‘will now operate the track repeater motor through: the range of movement per= 
mitted by the worm drive arrangement in the scanner. . “The following routine 
will serve to set up the track contact in the air after the heading marker has 
‘been aligned. ‘These steps could logically follow after. step (£) in parae433- 


g) Set indicator 184 switch to."Track". 
h) Set heading control unit switch to "Auto™. | i 
4) Set zero drift at bombsight camputor. If track marker 
coincides with bearing ring pointer no further adjustment . 
is required. Heading control unit switch can then be left 
at “auto” and the PeP.I. radiel marker should indicate correct 
track or heading depending on selection made with switch on. 
indicator 18h. “A bs, | - 
(j). In practice the track marker will not colncide with the bearing © 
ring pointer in (i). Set the heading omtrol unit switch to- 
Prack", Operate the setting knob until the track marker -does | 
coincide with the bearing ring pointer. 1g BS 
HF Switch back to "Auto". = Se paar Ban: 
When the correct drift is set at the ‘bonbsight computor the | 
track marker should be displaced fran the bearing ring pointer 
(i-e., the heading) by the correct drift angle. .-— a 
(m) ‘The He2sS. operator can now use either the track or heading marke 
es by setting the indicator 184. switch to the desired marker. « 
. * Et! should be possible ‘to move the track marker + or ~ 60° with respect to the — 
-, , Heading marker in step (Jj)- | : ey. a. — | a 


2 
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Marker Difficulties 


437. If any two of the three field connections of a repeater motor are inter- 
changed, the direction of marker displacement will be the reverse of what it 
should be. If only two of three connections are made it may operate when the 
+ and - 24V. ia comected to the two terminals. If one of the three is 
connected in error to the blank pin 2 on the 4-way plain or the blank pin 2 
repeated on the 6B green, this difficulty will arise. Dry joints have also 
been a source of trouble. | 


438. Inadequate lubrication, wear, etce, May cause sticking of the repeater 
motor armature at same point or points in its rotation. Checks must always be 
on installation, inspections, and after scanner changes that the heading marker 
follows without slipping or binding throughout 360°. A similar check should 

be made that the track marker can be displaced + or - 60° from the heading marker 
with the setting control. Details of scanner checks for direction of rotation 
and following are given in Chapter 12, parase 962 = 965. 


459. Another difficulty which may be experienced is a heading marker flashing 
up when the scanner is passing through a position other than the dead=-ahead 
position. This difficulty can be cleared by loosening the three bolts that 
hold the washer which clamps the paxolin dise on which the contact ring is 
mounted. When these bolts are loosened the paxolin disc and the contact ring 
which is rivetted to it can be moved relative to the gear wheel below. By 
setting the stationary: scanner in the dead=ahead position and rotating the disc 
and ring until the shorting contact meets the earthing contact on the leading | 
edge, the correct clamping position is located. The bolts can then be tightened 
to fix the position of the contact ring relative to the driving gear beneath it. 
With the heading marker coming up as the scanner goes through the dead-ahead 
position the normal setting up procedure can be carried out in the air. 


440, Failure of markers to form or very faint markers may of'ten. be caused by 
leakage in cables due to moisture. Reference to fige93 will show that con~ 
tinuity and insulation tests can be made very readily by disconnecting the 12-way 
plain at the receiver-timing mit. A check across pins 7 and 11 with the "Line 
of Flight” switch on the switch unit closed will establish continuity of the 
+500V. channel. Meggering with the switch open will provide a leakage test. 

A check across pins 10 and 12 will serve to establish continuity in the earthing 
channel. One mechanic should rotate the scanner by hand while the other uses 
the meter on the cable. Contimity should be established one per revolution 
regardless of whether the indicator switch is on "Track" or on "Course". By 
using the megger with the scanner set to break continuity a leakage test can 


be made. 


441- No marker will be formed if pin 12 is not earthed in the receiver-timing 
unit as R.465 will then always be floating. A check should be made that pin 
12 is earthed if trouble is experienced. : 


The Course~Track Link in the WeF.Ge 34 


Lh2e This link must be in the "Course and Track" position when the WeF.Ge 34 

is used in either a Mark IIC or Mark IIIA installation. Tracing out the circuit 
in fige93 will show that the appropriate scanner contact will then be used to 
earth R465 when the indicator 184 is on either position. 


443- Should the link be left on the "Course" position, R465 is connected 
through to the "Track" contact in the scammer at all times regardless of the 
indicator switch position. When the switch is set to "Track", the usual 

track marker will appear. If set to "Course", R465 is also connected to the 
"Course" contact in the scammer via the switch. Hence, for large drift angles, 
the P.P.I. display may show both a track marker and a heading marker. 


Like If the WeF.Ge 34 and Indicator 184 are used with scanner type 65 or type 3, 
the link should be in the "Course" position and the indicator switch in the 
"Track" position to obtain a normal course marker. Shoarid the link be in the 
"Course and Track" position, the marker will still appear provided the indicator 
switch is on "Track". If the indicator switch is on "Course", no marker will 
appear in "Course" or "Course and Track" positions of the link. This is because 
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the indicator switch short circuits the scanner cmtact with the link to 

"Course", and leaves it floating with the link to "Course and Track". | 

Hence to obtain a course marker with a Scarmer Type 65 and WeF.G. Type 34 
and Indicator 184, place the indicator switch to "Track". 


The Basic Height and Range Narker Circuit 


145. To understand the method used to measure range and height with H.2.5. 

it ia essential that the radar mechanic understand the principle of the, timing 
circuits employed. A basic cireuit with descriptive waveforms is shown in 
fige95. As a prelude to a study of this basic circuit it may be helpful to 
gather up what is involved in measuring height or range with a calibrated 
marker control. We know that echo time is always given by range in miles + 
speed Of GeM. WaVeSe If we express range in miles and echo time in micro- 
seconds we must express speed in miles return per microsecond. If we express 
speed in microseconds per mile return, i-e., 10./ microseconds per mile return, 
we may write echo time from the formula 


t(microseconis)} = range (miles)x 10.7 


We may rewrite this formula to solve for range 


Range (miles) = t (microseconds } 


= 1007 


Range will obviously be target distance, i.e-, slant ranges In the case of 
height measurement we can simply substitute height for range. Fram this formula 
it follows that if we can measure echo time we can readily determine range or 
height fran the above formula. The He2.S. method of measuring range and height 
actually measures echo time but calibrates the scales to read range by dividing 


the corresponding time values by 10. /- 


446. Since we are measuring time we must have a time zero. This zero must be 
the instant when the transmitter fizes. Any time measuring circuit mst then 
start to measure from that time. This suggests the need for some fom of 
electronic switch which closes the time measuring circuit when the transmitter 
firese In our basic diagram we have shown this switch, V.1, as an actual 
switch since its function is only to determine the start of our time measurement 
by opening the discharge path across the timing condenser, Cel» Re5 represents 
the conducting resistance of Voi when in grid current. As C.1 is connected 
between the anode and cathode of Ye1 the valve acts as a discharge path when 
conducting and as an open circuit when cut off. Obviously, we must have same 
electrical impulse that will open our switch at zero time by cutting Ve1 off. 
For this purpose we use the positive-going 20 microsecond pulse taken fram the 
cathode of the VI.60A in the modulator multivibrator.e The back edge of this 
pulse coincides with the back edge of the modulator priming pulse which fires 
the trigger valve, and hence, indirectly the transmitter. We actually cut V-1 
off on the cathode to open our switch so require a pulse with the back edge 
positive-ygoing- We therefore invert the positive input at the violet Pye plug 
on the receiver=<timing mit with T.14. The emplitude is stepped down from 
about 40V. to about 16V. On the leeding edge of the pulse the cathode is taken 


down which is equivalent to driving the grid up. The 16 volt swing is sufficient 
to take the valve into grid ourrent. C.1 can then discharge completely through 
the valve. At the end of the 20 microsecond pulse the cathode comes back up and 


cuts the valve off, i.e. the switch opens. 


447. When the switch opens C.1 is canpletely discharged with both plates at 

the decoupled potential of the slider of P.1. We now have applied to the time 
constant formed by Ce1 Re1 a charging voltage of 300V. - slider potential. Co1 
will charge exponentially through Re1 towards a terminal voltage of +500V. 

As the charging proceeds the upper plate of C.1 becames increasingly positive 
end the grid of Ve2 rises exponentially with it. We may note at this point 
that the terminal voltage of 300V. can never be reached. Ve5 and Re1 form a 
network between +140V. and +300V. The conducting impedance of V.5 will be so 


low in proportion with Re1 as soon as the top plate of Ce1 reaches +140V. that 
Ve5 and Re1 will form a bleeder which fixes the maximum potential reached by the 
top plate of C.a1 at about 140V. Hence, Ce1 charges towards +300V. but is 


prevented fran going above about +14,0Ve by the limiter, V-5- 
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438. We must now examine the cathode coupled flip-flop circuits of Ve2 and 

Ve3. We note that Ve3 grid is returned toa variable positive potential. This 
potential will decide how much current Ve3 passes through the cammon cathode load, 
Re5e Transferring our attention now to V.2 grid we note that it must rise and 
fall with the top plate of C.1. Hence, when the leading edge of the 20 micro- 
second pulse brings V.1 into conduction to short circuit Cel, V.2 grid falls. 
This fall will carry V.2 grid dom. The anode potential then rises and carries 
up Ve3 grid with it to bring V.3 into conduction. The current passed by V.3 
through R.5 raises the common cethode potential to about 130 - 140V. which is 
well positive to V.2 grid potential. V.2 is then cut off on the grid every 

time V.1 is opened on the leading edge of the 20 microsecond pulse applied to 
V1 cathode. V.3, om the other hand, is always brought into conduction at the 


sane time. 
449. When the back edge of the 20 microsecond pulse cuts Vel off to open the 
short circuit across Ceol, Ve2 grid starts to rise fram the level at which the 
upper plate of C.1 begins its exponential climb. This starting level is the 
decoupled slider potential of Pi. Suppose this value is +,0V. Now if the 
common cathode potential of Ve2 and Ve3 is 142V., Ve2 grid will have to climb 
to about 134V. before the valve can start to conduct. When this level is reached 
Ve2 will start to pass current and the anode will fall. This fall will be 
impressed on V.3 grid so Ve3 will pass less current through Re 5. This reduces 
the bias on ¥.2 so it conducts more heavily and drives V.3 grid down still mare. 
The cycle is cmulative and quickly cuts V.3 off and brings Vez one Note that 
this e-over occurs when Ve2 grid crosses cut-off and that this cut-off 
otential is fixed Pe2 since Ve da potential fixes the current sed 
through Re5 by Ve3- Before noting the effect of this change~over at Ve3 anode 
we may recall that Ve2 grid can contime to rise to the limiting level set by 
Ve5e The actual circuit design is such that Ve2 cut-off is a few volts below 


the limiting level. 


450. When Ve2 grid crosses cut-off and the fall at V.2 anode cuts Vj off on 

the grid V.3 anode rises. If Ye} had a resistor for its anode load the anode 
waveform would obviously be a square wave. The positive-going phase would begin 
when Ve2 grid crossed cut-off. It would terminate am the leading edge of the 20 
microsecond pulse when V.2 grid was carried down with the discharge of Geil. 
Insteed of only a resistor we have a pulse-forming network. This network 
achieves a result very similar to the effect of a short CRe When V.35 anode 
falls on the leading edge of the 20 microsecond pulse the negative-going edge of 
When V.2 crosses cut-off and cuts off V.3 the rising edge of the square wave at 
Ve3 anode is converted into a positive pip. We note then that we get a positive 
pip at V.3 anode every time the rising exponential carries V.2 grid above 


cut-off. 


451. If we had put our pulse-forming line in Ve2 anode instead of Ve5 anode 

we should have a negative pip every time Ve2 grid is carried above cut-off. 
phase inverting with a transformer we could convert the negative pip into a 
positive one.e In the actual renge marker circuit we use the arrangement shown 
in our basic circuit. In the height marker circuit the pulse~fomming line is 
in V.2 anode and a transformer is used to invert the negative marker pip. 


452. Looking next at Vel we note that it is a cathode follower with the grid 
returned to a négative bias of about -7-5V which is sufficient to hold the valve 
eat off unless a positive-going signal is applied. Hence, when the negative : 
pip is applied there is no output at the cathode. When the positive pip appears 
the valve passes current and the cathode potential rises to provide a positive- 
going marker at the cathode. In the case of the actual height marker circuit 
with the pulse-forming line in Ve2 anode the result is the same since the pips 

at the anode are in opposite phase but these are inverted with a transformer 
before applving them to Vek grid. In each circuit we then obtain a positive 

ip at V.4 cathode every time V.2 & crosses cut-off. This positive is our 


marker a6. 
453. In the case of the range marker it is mixed with the signals and applied 


to the P,.P.I. grid as a positive-going pulses As we have one marker pip for 
every 20 microsecond pulse we have one on every timebase sweeps These positive 
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pipe will appear at the same point in the timnebase sweep as long as we do not. 
vary the settings of P.1 and P.2. As each pip forms a bright dot on the scan 
at sane constant distance from the centre the 670 dots so formed will merge to 
form a range marker ring. This is the PePeI. range marker ring. 


45h. The range marker is also applied with the signals to the height tube 
deflecting plates where it appears as a blip to the righte 


455. The height marker is applied to the opposite deflecting plate in the 
height tube so appears as a blip to the left. 


Calibration of the Marker Scales 


456. We have seen that we can start C.1 charging at zero time, ieee, on the 
back edge of the modulator priming pulse, and can produce a positive-going 
marker pip after a time delay equal to the time tuken by the upper plate of Cet 
to rise exponentially fram P.1 slider potential to Vee cut-off potential. We 
might restate the delay time as the interval in which C.1 charges to a potential 
difference given by Ve2 cut-off ~- Pel slider potential. How long this time 
delay will be depends on the following factors:- 


(a) The mmber of volts potential difference that must be 
developed across C.1- 

8 The time-constant of Ce1 and Rel. 

ec) Tne charging voltage applied. 


Factor (a) is governed by both the starting level, i.e., Pel slider potential, 
ani the value of Ve2 cut-off potential which depends om the setting of Ped. 
Hence the settings of Pei and Pe2 determine factor $2) Factor (b) can be 
predetermined by the camponents selected. Factor (c) is given by HeT. voltage 
Pei slider potential. If we use a stabilised H-T. supply to give a fixed HT. 
voltage we may say that factor (c) depends entirely on the setting of Pei. 

It follows then that if we use a stabilised HT. supply, a fixed time constant 
and a preset value of P.2., the delay between the back edge of the modulator 
‘priming pulse and the appearance of a marker pip on Ve cathode will depend 


entirely on the setting of Pei. 


457. Since this time delay depends entirely on P.1 when Pe2 is preset it is 
possible to calibrate the movement of Pei in terms of time. By dividing the 
correspomiing time intervals by 10.7 we can substitute height or slant range in 
miles. Let us assume that we have a signal generator triggered on the back 
edge of the modulator priming pulse which provides 4 pip after a known variable 
‘delay which is calibrated in either thousands of feet or miles. Suppose we 
had a range of 0 = 30 miles on the control calibrated in mile intervals. This 
would really mean time delays calibrated in 10.7 microsecond intervals. If we 
fed the output into the He2.S. set we could then put rings on the P.PeI. which 
represented slant ranges Of 1, 2, 3 »-e+s ..30 miles. Since we are discussing 
the range marker Pe1 really represents the range potentiometer on the switch 
unit. This control is a large wire wound potentiometer. Its wiper and a 
drum carrying a scale move as the range cotrol is operated. The scale moves 
past a fixed index. Suppose we started with a blank scale on this range drum. 
If we set the signal generator control for a 1 mile delay a ring would appear 
on the He2eS. PeP.Ie If we now adjusted the renge control until our range 
marker ring coincided with it we could put a dine om the blank scale opposite 
the Pixed index and label it 1 mile. We could then cmtime until the whole 


seale was calibrated fran i ~ 30 miles. 


458. If we arranged to have Rei switched we could put in a larger value 50 
that the same settings of P.1 gave longer delays. This is done in the He2e5S. 
range marker circuit to obtain a range of delays up to 1070 microsecands or 10 
miles. This scale could be calibrated in the same way- 


459. If we think in terms of the height market Pel becomes the height comtral. 
Actually, we use the same wire-wound potentioneter again but the height control 
knod rotates another wiper and another scale. The scale moves behind a window 
with an index line across ite If we set the signal generator control for 4 
1000 ft. delay and fed the output to the height tube, we would get a blip on 
the scalee We could then adjust the height control until the height marker 
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coincided with the signal generator blipe A line could then be drawn on the 
blank drwn under the index line and labelled 1000 ft. In the same way the 
scale cauld be calibrated in 1000 ft. intervals fran 1000 = 40,000 ft. 


460. We have seen how we could calibrate range scales of O = 30 miles ani 

O - 100 miles, and a height scale of O - 40,000 ft. It must be remembered 
that these calibrations will only hold so long as all the other factors 
effecting the time taken by C.e1 to charge through the potential difference 
between Pe1 slider volts and V.2 grid cut-off volts remain constant. Scales 
prepared for one switch unit would only be applicable to other switch units if 
the following conditions were fulfilled:- 


i) HeT. voltage was always the same. 

b) Timing CRe for any range head the same value in all sets. 

c) Ve2 grid cuteoff was the same in all sets. 

Condition (a) can be fulfilled by using a voltage stabiliser stage. Condition 

(b) can be fulfilled by providing a small trinmer for C.1 in both height and 

range timing CR's. Condition (c) carmot be preset readily as valves show 

appreciable tolerance. Henoe, we have the need for the second adjustment, Pe2. 

In the range marker circuit this camtrol is called the range zeroe It appears 

as a screwedriver preset on the switch unit labelled “Beacon Zero". In the 

height marker circuit we have a similar preset which also appears as a screw- 

driver preset on the switch unit, this time labelled "Altitude Zero". These 

controls mist not in any sense be regarded as fine adjustments. They have only 

one possible correct setting. That setting is the one which makes V.2 grid 

cut-off equal to the value used in the standard set on which the prototypes of 

the mass~produced scales were prepared. Calibrating a scale assumes a specific 

value for Ve2 grid cut-off. Scales will only read perfectly true if Ve2 grid 

cut-off has that valuee The height am range zero are provided to permit a 

limited range of adjustment on V.2 cut-off potential. There can, however, only be 

one setting for each of these controls for which the scales will be perfeotly true. 

These settings are the ones which cause V¥.3 to pass such a current that the voltag: 

drop across the common cathode load brings V.2 cut-off to the value used in cali- 

brating the original scales. Obviously, it will be necessary to check these 
adjustments fron time to time. How these checks may be carried out will be 

- discussed in para.48] - 486. 


461. It may occur to the radar mechanic that the scales will only remain 
correct as long as the value of the timing CR's remain fixed. This calls for 
accurate values, ieee, very narrow tolerances, and freedom from change due to 
ageing and due to variations in temperaturee The resistors used have tolerances 
of + 1% end t 2%. ‘The condensers have tolerances of £ 2% As has been 
previously pointed out a trimmer is provided for each fiming capacity. These 
trimmers are of the variable air tuming condenser type'and are preset by the 
mamifactirer. Three condensers are actually employed in each OR, two fixed and 
the one adjustable. Py suitably balancing positive and negative temperature 
co-efficients it is possible to get a reasonable independence of temperature. 


162. Before examining in more detail the actual height and range marker cirauits 
shown in fige90, we shall gather up the following major points with regard to 
the operation of the range marker circuit on the 30 and 100 mile marker rangesi~ 


fe) The fundemental principle is a calibrated time delay control. 
b) The variable time factor is the time taken by a timing capacity 
to charge from a veriable starting-point to a preset terminal 

voltage. 

(c) The preset terminal voltage is the grid cut-off voltage of the 
first valve in a flip-flop. 

(a) This terminal voltage is adjustable over a range of 7 ~- 8 volts by 

| means of a zero control. 

(e) The effect of the zero control is to vary the potential to which 
the grid of the second flip-flop valve is tied, thereby varying 
the cathode current passed by the valve. This current through 
the cammon cathode load fixes the cathode potential of the first 
flip=flop valve during its cut-off state. The terminal voltage 
which the grid must reach is the cathode potential ~ the grid base. 


(f) 


(g) 
(h) 


(1) 


(3) 


(x) 


(2) 


(m) 


(n) 


(o) 
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The need for the zero control is to permit adjustment af the 
terminal voltage to the value used in calibrating the prototype 
scales. Unless the terminal voltage is set to this value the 
scale will not track perfectly. 
For a preset terminal voltage the delay time is determined by 
GY Charging voltage = HeTe - starting level. 
(ii) Time constant of timing CR. 
In order that the same scale may apply to different sets the 
timing CR's used on any particular range mist have the same 
value in all sets. This is covered by providing a trimmer 
comienser which is preset by the mamiffacturere 
The same HeT. level must also be used if identical scales are 
going to apply to different sets. This requires a stabilised 
HeTe supply. 
With HeT. level, timing CR. value and terminel voltage, all 
at the values used in the standard set used for initial scale 
calibration, the delays for a given value of the starting level 
must be the same in all sets and mst be equal to the value in the 
standard set. This value is shown where the scale crosses a 
suitable index. 
The actual time delay thus measured can be expressed as slant rangs 
or height since echo time is proportional to distance between aircraft 
and reflecting surface. | 
Actial measurements are made by varying the starting level with 
the calibrated delay cotrol until the marker forming at the end 
of the delay coincides with the echo whose distance is to be 
measured. If the marker and the echo coincide the variable 
delay must have the same value as the echo time since the 
emdenser charge began when the transmitter fired. Since the 
delay is expressed in distance the height or range can be read 
Girectly from the calibrated delay control. 
The marker itself is a positive-going pulse taken off from a 
cathode follower output valve. The input to the cathode 
follower has a negative-going pip coincident with the leading 
edge of the 20 microsecond triggering pulse, and a positive- 
going pip coincident with the instant the first flip-flop grid 
is carried above cut-off by the timing exponential. The 
negative pip is eliminated by applying 7+5V. negative bias to 
the grid of the cathode follower. 
The pips are formed by using a pulse-forming line in the anode 
of the second flip-flop for the range marker and in the anode 
of the first flip-flop for the height marker. The pulse line 
serves to convert a square wave to pips. It gives a shape to 
the pips which can be passed through mmerous succeeding 
circuits without appreciable roamding off and widening. Hada 
short CR been used instead, the sharp leading edge end exponential 
trailing edge would cause gradually rounding off and widening as 
the pip went through the later stages. In the height marker 
circuit a pulse transformer is used to invert the pips formed 
at the first flip-flop anode to get the correct phase on the 
cathode follower grid. This change is made in the height 
marker circuit as a square wave output has to be taken from the 
anode of the second flip-flop. This square wave is required in 
the development of a 10 mile range marker which measures ground 
range instead of slant range. 
Since we want to have three different delay scales for range 
measurement while using the same delay control (range control), 
we must arrange that the same position of the camtrol, i.e, the 
seme starting=level, gives three different delays. This is 
accomplished by altering the CR of the timing circuit by switching 
the value of the resistor used. Since the delays for any 
setting of the control must be in the proportion of 10:30;100 
the value of the resistor is least on the 0, greater om the 30, 
and greatest on the 100 mile range. The changes are made by 4 
relay which is operated by the scan-marker switch on the switch 
unite It switches the anode load of the range marker timing 


valve, Ve 1.06. 
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(p) To avoid rurmming. the first flip-flop valves into excessive 
current by a continued rise of the timing exponential towards 
+300V. after the marker has been found when the valve went into 
conduction, a limiter valve is introduced. This limiter valve 
prevents the grids fram rising above about +140V. 

(q) The first valve in each marker circuit is essentially an 
electronic switch or timing valve. The positive-going 20 
microsecond pulse fram the modulator violet Pye plug is applied 
to the cathode after phase inversion in a transformer. The 
negative=going leading edge takes the valve into grid current 
and discharges the timing capacity which is effectively between 
anode and cathode. The rising edge of the trigger pulse cuts 
the valve off and starts the timing exponential, at the same time 
the trigger valve fires the spark gap and the transmitter. . 


The Timing Valve Circuit 


163. Examination of the circuit diagram of the receiver-timing wnit will show 
very canplex looking circuits for the two tining valves, V.400 for the height 
marker circuit, and V.406 for the range marker circuit. The use of double- 
diode triodes in these stages adds to the difficulty of understamiing the action 
of the stage from the standard circuit. Since the diode sections are strapped 
we may regard them as a single diode. As the cathode of the diode and triode 
are common we may redraw the actual range marker timing vaive stage as it appears 


in fige 96. 


464. In our basic circuit we shaved the timing valve as a switch which could 

be connected across the timing capacity. Mge96 shows that the timing capacity 
and the diode section of the timing valve are actually in series between the 
anode and cathode of the timing valve. We also note that the grid am cathode 
of the timing valve are tied to the same decoupled D.C. level which is fixed 

by the control on the switch unit. When the negative pulse fran Te400 secondary 
is applied to the cathode the cathode is driven down. The grid would also 
follow down if it were not for 0.427 which will not permit the grid to fall 

more rapidly than C.427 can charye negatively through R431. As this time 
constant is long (24,000 microsecaxis) the grid potential will not fall per- 
ceptibly during the pulse duration. As the cathode is taken about 16 volts 
negative to the grid the valve then passes grid current into C.427. At the 

emi af the 20 microsecond pulse the cathode rises again but the discharge of 
grid-current from C.427 through R431 develops sufficient bias across Reh 

to keep the valve cut off between successive 20 microsecond pulses on the cathode 


465. Let us suppose that the decoupled slider potential is 50Ov. and that we 
are considering the situation just before the 20 microsecond pulse is applied. 
The cathode line will then be at +50V¥. The diode anode and lower plate of the 
timing capacity must also be at this level as R-458 returns them to the decouplec 
point. The top plate of the timing capacity and the triode anode will be at 
the limiting value of +140¥. As the diode anode and cathode are at the same 
potential it will be just conducting. The triode is, of course, cut off by 


grid current bias. 


466. On the leading edge of the 20 microsecond pulse the common cathode is 
carried down about 16V. 434V. The triode passes grid current and a heavy 
anode current. Electrons then flow through the timing resistance to H.T. and 
into the timing capacity. The potential of the top plate then falls to 
practically cathode potential, ieee +34V., since the impedance of the triode 
when in grid current is negligible canpared with the anode load. As the 
cathode is common to the diode and triode the diode passes current so electrons 
flow to the lower plate of the timing capacity and through R438 to the de- 
coupled slider level of +50V until the lower plate is almost down at +34V. 

It will remain slightly higher as the drop across the diode will be a matter of 
about 2V. and the drop across Re348 will be abour 14%. We thus get both 
plates of the timing capacity down to very nearly +354V. 
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467. During the 20 microsecad pulse period the pulse will decay sazewhat as 
the pulse transformer, T4000, will not be able to sustain the flat bottom for 
the 20 microseconds. There will therefore be a rise of 2 - 3 volts at the 


cathode line during the pulse period to, say, +5/V- 


468. At the end of the pulse period the full pulse amplitude of 16V will be 
applied to the cathode line to take it up to +55V- The triode is immediately 
cut off by the grid current bias. The diode will be cut off as the cathode is 
now at +53V. and the anodes at say 34V. + 2V drop in diode +3V climb or +39V. 

We now have the lower plate of the timing capacity at +39V. tied through R438 
(501K-) to +50¥. Electrons will then flow to the +50V. point and the lower 
plate will rise quickly, but not instantly, to +50V. At the same time electrons 
will be flowing from the top plate through the anode load to H.T. Hence the 
potential of both plates is changing until the lower plate has reached its steady 
+50Ve level. This means that the timing waveform is not a pure exponential for 
about 2 microseconds after the back edge of the 20 microsecond pulse. This 
portion of the curve is therefore inaccurate and cannot be calibrated. Re t 64, 
limits the maximum potential that can be applied to the slider of the contral 
from reaching such a high value that the flip-flop grid can be carried into 
conduction by this inaccurate part of the timing curve. The timing exponential 
can never be shorter than 2 microseconds because of the presence of R16. This 


applies to both timing valves (¥.400 and V.406). 


469. So far there has been no apparent reason why we want the diode section 

in the circuit as precisely the same results could have been obtained by 
connecting the timing capacity directly between the anode and cathode of the 
triode. The reason for the diode is the ring appearing on the cathode line on 
the back edge of the trigger pulse, due to the pulse transformer. This ringing 
will continue for several microseconis ami would appear on the flip-flop grid if 
C were tied directly to the cathode. Now we have noted that the cammon cathode 
line came up to about +53V om the back edge of the pulse. The diode anode, 
however, can only rise to the +50V¥. decoupled potential, so the diode could only 
be brought into conduction by a negative swing of 3 valts or more due to the 
ring. As the amplitude is not sufficiently great the diode remains cut off 
until the ringing has ceased. The ring is thus prevented from reaching the 
timing capacity and the flip-flop grid. Had the ring been permitted to reach 
the grid it might cause a jittery marker by triggering the flip-flop at different 
times. This effect could only occur, of course, for short timing exponentials. 


The Limiter Valve 


470. In our basic circuit we showed the limiter valve as a diode with its 
cathode held at about +140V. ‘The actual cirqit is shown in fig.96. Instead 
of a diode we actually have another double-diode triode, Ve405. .To illustrate 
the action of the stage we have again separated the triode and one diode secticn. 
Tie triode is connected as a cathode follower. The grid is tied to a +140V. 
potential (half H.T.) obtained fram the bleeder in the switch unit which includes 
the wire-wound potentianeter that is used as both height and range control. The 
current passed by the valve through the 51K cathode load raises the cathode 
potential to about +140Ve Since the cathode is cammon, the diode is then cut 
off until its anode potential rises to about +140V. When the diode opens we 
have a bleeder between the HT. line and the cammon cathode at about +140V. The 
conducting impedance of the diode is so low in proportion with the anode load of 
the timing valve that the diode anode potential is held at about +140V. One 
diode section serves in this way as a limiter for the range marker circuit and 
the other diode section performs the same function in the height marker circuit. 


The Actual Height and Range Marker Circuits 


47ie The major details of these circuits is shown in fige90. Details of the 
constitution of pulse-forming networks used in V.408 anode and V.401 anode have 
been anitted. The same applies to the 2 microsecond delay network introduced 
in the cathode of the height marker output valve, V.403. The circuit shown 
is that of the Mark ITIA receiver-timing unit. This differs fran the corres~ 
ponding Mark IIC circuit mainly in the detail of the receiver output stage. 
Mark IIC receivers with serial mmbers commencing with T will not include the 
shorting links of 5.401. This only appears in same Mark IIC receivers with 


a serial mmber cammencing with R- 
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472. Assuming the S.401 links to be in the Bomber Camand position we have 
the following conditions:-~- | 


) The top of T.401 primary is tied to HT. via one link. 

b) The centre tap on 1.401 primary is floating. 

c} Tne cathode of V.4.03 is tied to the 2 microsecond delay line 
in its cathode via a second link. | 

(a) The comection fran the cathode of the range marker output 
valve, V.409, is floating. 

(e)} The cathode of the range marker timing valve, V.406, is 
connected via the third link to a relay contact. © When the 
scan-marker switch is set for either the 30 or 10 mile marker 
range the relay completes the comection via camtact 5 of the 
secondary of T.400 to give the triggering on the back edge of 
the 20 microsecond pulse, as we have already discussed it. 


These are the conditions in the Mark IIC receivers which do not include the link. 


The 10 Mile Marker Range 


473. When the scan-marker switch is set for a 10 mile marker rance the anode 
load of Ve406 is reduced to R464 (5M). Contacts in the switch unit complete 
the 24V. supplies to relay A solenoid and contact 1 closes to short on R433 - 
Re437- at the same time cotact 6 changes over from its unenergised position 
connecting to 5, to comtact with 7. We then have V.406 cathale connected to 
Ve4O2 anode instead of to Te400 secondary. The significance of this change- 
over can be grasped most readily fran a study of the waveforms in fig.99. The 
height marker circuit operates as before to form a height marker at V.403 cathode 
at the instant that Ve401 grid is carried above cut-off by the exponential at 
Ve400 anode. The reason for the 2 microsecond delay impressed on the height 
marker in Ve403 cathode we shall discuss presently. The waveform at V¥.402 anode 
is a square wave which swings negative when V-402 comes on, i-.e., when V.401 

cuts off. Hence, we have VehO2 anode and Ve406 cathode swinging negative on 

the leading edge of the 20 microsecond pulse applied to V.400 cathode, for it 

is on this edge that V.400 goes into comduction and cuts V4 off.  Vel00 and 
VelO6 therefore go into camduction simultaneously just as they do when the 

20 microsecond pulse is applied to both cathodes. The delay that ensues before 
Ve4O1 grid is carried above cut-off will depend on the starting level of the 
exponential, ise., on the setting of the height control in the switch mit. If 
this control has been adjusted to put the height marker opposite the leading 

edge of the ground echo on the height tube, the total delay between the back 

edge of the 20 microsecond pulse ané the appearance of the marker on the display 
must be equal to the echo time of the ground echo. Since a 2 microsecond delay 
is impressed on the marker in V.403 cathode the delay introduced by the timing 
exponential must be two microseconds less than the actual echo time. The height 
marker mist then actually appear at Ve4.03 cathode 2 microsecomis before it appears 
on the height tube. The height scale is, however, celibrated to read the total 
delay and hence the actual height. 


474. Now at the instant the timing exponential carries Vel0O1 grid above cut-off 
¥.407 canes on and Y¥.402 cuts off. Fence, at the instant the height marker is 
actually formed by the line in V.401 anode we have V.402 anode rising. V.406 
cathode will then haye been held down by V.402 anode from the leading edge of 

the 20 microsecom pulse until the instant when the height marker actually forms. 
At that instant V.402 anode rises and cuts V.4.06 off. V.407 grid then commences 
its exponential rise from a starting level set by the range contral at the 
instant the height marker actually forms. How long a delay ensues before the 
range marker forms is determined by the setting of the range cmtrol. cuppose 
the range control is now adjusted to bring the range marker into coincidence 

with an echo blip on the height tube or a target indication on the P.P.I. The 
total delay between the back edge of the 20 microsecond pulse and the formation 
of the range marker must then be egual to the echo time which will be 10.7 x slant 
renge. The delay introduced by V.400 exponential is 10.7 x height (neglecting 
the 2 microsecond delay which represents about 300 yards). The delay introduced 
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by Ve406 exponential is therefore 10.7 x (slant range mimis height). Hence, 
when the scan~marker switch is set for a marker range of 10 miles and the height 
marker is set to the ground encho, i.e., to the aircraft height, the range-marker 


exponential actually measures slant range mimis height. 


4752 If we are given the value of h and s-h for a right-angles triangle we 

can construct the triangle and compute the ground rangee For any selected 
height the delay introduced by the timing exponential of V.406 represents same 
specific ground rangee However, if the height changes, the same delay repres- 
ents a new ground range. Hence, although the rotation of the range camtrol 
wiper could be calibrated to read ground range when V.406 is triggered by V.402, 
the scele would only be correct for the aelected height. It would, of course, 
be possible to arrange a set of parallel scales corresponding to different 
heights and draw curves through points of equal ground range. This is, in 
effect, what we have on the switch unit range drum. Curves are provided 
labelled in ground range at half-mile intervals. The points on these curves 
may be imagined as lying on sets of parallel scales corresponding to different 
heights. As the height control is operated to set the height marker to the 
beginning of the echo, a metal pointer tracks across the range drm. As the 
range control is then operated to bring the range marker into coincidence with 
the selected target indication the drum moves relative to the pointer. When the 
setting is completed the ground range can be read by noting which ground range 
curve intersects the top of the pointer. If the adjustment leaves the pointer 
tip between two curves the departure from the nearest half-miles curve can be 


estimated. 


Ground speed Measurement 


476. Sinee the curves represent ground range if the height marker is correctly 
set up, these scales can be used to measure ground speed. If the track marker 
is used, and the aircraft flies straight and level at a constant speed, the 
movement of a target indication along the track marker will be proportional to 
the ground speed. The range control can be set to say, 8 miles. When the 
target intersects the point where the track and range marker meet a stop-watch 
is started. The range control can then be set to 7 miles, bringing the range 
marker towards the P.P.I. centre. When the target has moved in along the track 
Marker to the new intersection the stopewatch is stopped. The elapsed time 
represents the time to cover a mile ground range from which the ground speed is 


determined. 


Direct Release Lines 


47%. For any given height and ground speed an ideal banb should be released 

at a certain ground range ahead of its target. That is, for any given height 
and ground speed, when the target has moved in to the intersection of the track 
marker and sane correct range marker setting, an ideal bamb should be released 
to fall on the target. Obviously, it would be advantageous to have an indication 
of these range marker settings. These are provided on the 10 mile range drum 
in the form of solid red direct release lines. They are labelled in gramd 
speedse Hence, when the He2.S. operator has observed his ground speed, he can 
adjust the range cmtrol to bring the appropriate ground speed direct release 
line opposite the tip of the pointer. When the target has moved down the track 
marker to the new intersection with the range marker ring the ideal banb should 
be released. An actual banb will not carry as far as the ideal bomb so must 
be released slightly later. Correction tables tabulating the seconds delay 
required for different types of banb load are provided for the He2eS.- operator 
who can then use a stop-watch to determine the appropriate release point. 


Thirty Second Lines 


478 A second set of release lines appears on the 10 mile range drum. These 
are in broken lines ani again labelied in ground speeds. These appear higher 

up on the drum so set the range marker ring farther frau the tube centre for 

the same aircraft height. These are lines which so set the range marker that 
the instant the target meets the intersection of the range marker and track 
marker represents 30 seconds before an ideal bomb should be released. By adding 
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the delay appropriate to the particular baab load carried to the 30 seconds, 

the release time is again determined with a stop watch. The purpose of these 
30 second lines is to deal with the difficulty experienced of keeping the target 
identified in the heavy general ground returns in the tube centre. 


L79. It mst be emphasised that all measurements made with the 10=mile range 
drum, whether range, ground speed, or release points, can only be correct if the 
height marker has been correctly set to the beginning of the ground echo on the 
height tube- A further requirement is that the height and range zeros are 
correctly adjusted. If these adjustments are incorrect the scale calibration 
will be in error. 


- ‘The Blackout Range Marxer: 


480. So far, we have spoken of the range marker as a bright ring. When a 
target is of reasonable size the use of the direct release lines may set the 
range marker inside the brightened-up target area on the P.P.I. It is then 
impossible to tell where the intersection of the track marker and range marker 
occurs. To overcame this difficulty a switch may be fitted on the switch unit 
to operate a relay which changes the range marker output from the cathode to the 
anode as shown in fig.90. The range marker then appears on the P.P.I. grid as 
a negative-going signal, so forms a blackout ring which can be seen against of 
the track marker and the black-out ring and the direct release lines can then 
be used even if the range marker moves into the target indication. 


A tment of the Height and e Zeros 


481. It has previously been emphasised that these preset controls are provided 

to permit setting of the grid cut-off levels of the first flip-flop valves to 

the values used in producing the prototype scales» It has also been pointed out 
that these controls fumction by varying the potential to which the second flip- 
flop grids are tied, thereby varying the current passed by the valves through the 
common flip-flop load. This, in turn, varies the canmon cathode potential which 
fixes the grid cut-off value of the first flip-flop valve. The question now 
arises as to how it can be checked that these zeros are set correctly. Obviously, 
we require sane indication at a known delay after the beginning of the trans- 
mitter pulse. If a suitable permanent echo is available at, say, 1 - 5 miles 
fran the workshop, and the range of the target is accurately known from an 
ordnance survey map, the height scale should read the correct range when the 
height marker is set to coincide with the echo. If the scale does not read the 
correct range it can be set to the correct range and the marker brought into 
coincidence with the echo by means of the height zero preset. If the HeT- voltage 
end timing CR. have the standard values the height marker should now read correctly 
throughout its scale. If a second permanent echo at a different accurately known 
range is available the tracking can be checked by means of this secmd echo If 
the correct range appears on the height scele when the marker and echo coincide 

s¢ is safe to assume that the zero is correctly adjusted and the scale is tracking 
correctly. Should the scele read an incorrect range for the second echo after 
adjustment of the zero on the first, either the timing CR or the HeT. voltage 

mist be incorrect. The Het. voltage should be satisfactory if the 300V. pack 

in the power unit is operating properly on a correct input and the stabiliser 
stage is not at fault. If the timing CR. is suspected the unit should be 
returned to the maintenance unit for realignment. . 


482. The measurement of range with the height scale may seem odd to the radar 
mechanic. It must be remembered that what is really being measured is a time 
delay, i.e., an echo time. Whether the patch of the eeme waves is horizontal 
or vertical in no way enters into the operation of the circuit. The height 
seale can therefore be used to measure ground range when the set is on the 
ground or slant range when it is in the air. 


483. Theoretically, we could set up the range sero in exactly the same way as 
the height zero if we set the soan-marker switch for a 30 mile marker range and 
used the 30 mile range scale along the inner edge of the range drum. The 
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difficulty arises in setting a short range accurately on the 30 mile scale. 
Moreover,. there is only one range zero and we want accurate range indications 
on the 10 mile scale which is used for banbing. Hence, we should like to set 
up the range zero for accurate range indications on the 10 mile scale. This 
introduces the reason for the presence of the 2 microsecond delay network in the 
cathode of the height marker output valve, V-403. 


48. It must be remembered first of all that when the scan-marker switch is 

set for a 10 mile marker range the range marker exponential begins when the 
height marker forms, iee-, two microseconds before it appears on the height tube. 
It was pointed out in para.468 that both the height and range marker exponentials © 
are inaccurate over the first 2 microseconds, and that Re164 has been introduced 
in the circuit to prevent a reductio of these exponentials to less than 2 micro- 
seconds. This means that when the height control is set to zero there is still 
a 2 microsecomd exponential at Ve400 anode. Likewise, if the range control is 
set to zero there is still a 2 microsecond exponential at V.406 anode. The 
range marker is then forming 2 microseconds after the height marker when the 
range control is set to zero and the scan-marker switch is set for the 10 mile 
renge markers This applies regardless of the setting of the height control. 
Suppose now that the height control is set to bring the height marker into 
coincidence with a permanent echo and the height zero has been adjusted to give 
the correct range indication on the height scale. The height marker is actually 
forming 2 microseconds earlier. If the range camtrol is set to zero the range 
marker must then form two microseconds after the height marker and will appear 
on the display at the same time as the height marker provided the range zero is 
correctly adjusted. If incorrectly adjusted, this is not necessarily the case. 
If the range zero is then offset to delay the range marker so it appears above 
the height marker and echo and is then adjusted for coincidence, it should be 
correctly aligned. Had the 2 microsecond delay not been included in V.403 
cathode the range marker would appear 2 microseconds above the height marker when 
the range control is set to zero and this adjustment would then be impossible. 
Its inclusion in the circuit is to make possible this method of range zero 
adjustment. As the height control is operated to carry the he ight marker over 
the full scale, the renge marker must, of course, remain in coincidence with the 
height marker as no changes are being introduced in the range merker circuit. 
This, therefore, coustitutes no form of check on the range marker circuits. 

It only serves to check that the height and range control wipers are making 
contact with the potentiometer throughout their travel. 


485. The permanent echo method of checking height and range zeros is open to 

the objection that it is not possible to check the acouracy of both the height 
and 10 mile range scales at operational heights and that rarely are there two 

or more permanent echoes which are suitable for tracking checks. What would 

be desirable is same form of calibrator which operates off the back edge of the 
20 microsecond pulse and produces a set of calibration pips that can be used 

te check both zeros and tracking. Since it is difficult to obtain reliable 
calibration pips without the use of a erystai-controlled oscillator, a calibration 
test set, Test Set Type 202, has been designed around a erystal oscillator. The 
use of a crystal~contralled oscillator precludes the possibility of synchronising 
the calibration with the 20 microsecond pulse. Tie Test Set is therefore 
designed to supply a positive-going <0 miocrosecom pulse which can be used to 
trigger the marker circuits and the monitor 28. It can also be used to syn- 
chronise the modulator multivibrator or the master multivibrator. Details of the 
7.52202 circuit operation and how the set is used for checking the H-2.S. markers 


are outlined in Chapter 11, peras. 779 = 811. 


» So far, we have discussed the height and range marker timing circuits as 
if the back edge of the 20 microsecond pulse were coincident with the start of 
the tranemitter pulse. It was pointed out in Chapter 5 that there is a delay 
while the trigger pulse swings up and a further delay while the main gap breaks 
down in the spark gap switch. The spark gap delay will depend sanewhat on how 
long the gap has been used. In addition to these delays, before the trans- 
mitter fires the returned signal experiences a slight delay in passing through 
the I.F. amplifier. The actual interval that elapses between the back edge of 
the 20 microsecond pulse and the appearance of a signal on the displays is then 
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the actual echo time plus the sum of these delayse In the case of the 10 mile 
marker range the sum of the height and range exponentials must exceed the true 
echo time by this delay. A nominal value of 1-4 microseconds has been assumed 
as the correction. This correction is applied in the calibration of the height 
scalee No correction is applied to the 350 and 100 mile marker range scales since 
these are mainly used for navigation and only give slant ranges which will be 
canpared with maps giving ground ranges. 


The Voltage Stabiliser, Vel O04 


487. We have spoken of the 300V. stabilised supply as a necessity for accurate 
tracking of the marker scales. It is not actually necessary that this voltage 
be precisely 300V. but it is necessary that the voltage have a steady DC. level, 
and be free fran low frequency ripple. If we disregard R419 and the tap into 
the -100V. line, the circuit is essentially the standard anti-jitter circuit with 
the difference that there would be no grid bias. ‘The Gee anti-jitter circuit 
uses a cathode auto~bias. If we now add Re4i9 and the -100V. tap we have a 
biassing arrangement which not only provides a suitable operating point but also 
permits D.C. feedback fran anode to grid. We can thus obtain reasonable 
stabilisation against a shift in the D.C. supply due to abnormally high or low 
engine speeds within reasonable limits. C.424 feeds low frequency ripple in the 
output to V-404 grid to develop an antiphase voltage change across Re421 as in 
the standard anti-jitter circuit. V.404 is therefore intended to provide 
stabilisation against both A.C. and D.C. changes in the input voltages. Nominal 
voltage values are:- 


Input 2... ccccescnccscces 2907. 
Vel0 anode @ee@eu eeeceweanaenva 4207. 
Ve40h grid eseogemaoeeaes QO = 2V. 


Stabilised output ...... 250V. 


If any ripple reaches the grid of V.404 via the -100V. line, this will be 
amplified to a higher value at the anode. 


The Switch Unit Marker Comtrol Network 


488. This network is also shom in fige90. The stabilised output fran V.404 
anode at about 2807. is applied across the network via 12/11. ‘The mam- 
facturer adjusts the resistances, R159, R164 and R.169 so that the resistance 
between 12/11 and 68/2 is equal to the resistance between 6B/2 and earth. 

Half the stabilised voltage is therefore taken off at 68/2 for application to 
the grid of the limiter valve, Ve5. The range control and height control can 
never carry the starting levels of the timing exponentials up to the voltage 
applied to the limiting grid because of Rei64. On the other hand, these 
controls cannot carry the starting levels of the exponentials down to zero 
because of Re169e The normal range of variation available at either 6B/3 or 


6B/h is about +2V to +138V- 
489. The range available at 63/6 on the height zero is about 125 to 150 V- 


490. The range available on the range zero depends on the setting of the 
geanemarker switch. When set for a 10 mile marker range contacts am the switch 
short out Re165 (7+5K-) and put into circuit Re167 (7-5K.}- On settings of the 
switch giving either a 30 or a 100 mile marker range the reverse is the case. 
The voltage range available at 63/5 depends then on the marker range in use. 
Nominal values are:~- 


40 mile marker range s.ceees 127 to 155 Ve 
30 or 100 mile marker range ..--ee. 125 to 155 Ve 


491. From the network it is apparent that a change in the stabilised input 

at 12/11 will shift all the output voltages in the same direction. This helps 
to minimise the effects of any such change. For example, if the input falls 
slightly the starting levels fall. [This tends to make the exponentials take 
longer to reach grid cut-off at the first flip-flop valve. But the zero 
controls are also applying a reduced voltage to the grids of the second flip- 
flop valves. These are then passing less current and the bias developed across 
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the canmon cathode resistor has dropped. Hence, the grid cut-off values have 
also dropped. This effect tends to cancel, in part at least, the ef’ect of a 


lower starting level. 


492. We have said that absolutely accurate tracking of the marker soales is 
possible only if a set has the same timing CR, same stabilised H.T. value, and 
same grid cut-off levels in the first flip-flop stages as the standard set. 

Tis is actually the case. However, by virtue of this partially compensating 
supply arrangement, it is possible to obtain reasonably accurate tracking with 
minor variations in the stabilised H.f. voltage and consequent slight displace- 
ment of the grid cut-off or triggering voltages. In any case, if it is neces~ 
sary to change either a switch uit or receiver-timing unit, it is desirable to 
remove both from the aircraft and set up the zeros on the bench before re- 
installing the units in the aircraft. Changing one unit and not the other may 
mean that slight realigning of the zeros is called for in order to obtain satis- 


factory accuracy and tracking. 


The He2eSe Pulse Lines and Networks 


The Range Marker Pulse—Forming Line 


493. Details of the circuit used to shape the range marker are shown in 
fige100. We know that V.408 canes on when the leading edge of the 20 micro=- 
second pulse brings V.406 on and cuts Vel0/ off. When V.408 opens an electron 
flow commences through Le4i6 and R446 and the anode of V.408 falls. This fall 
will not be instantaneous for as soon as the anode potential is below that of 
the stabilised HeT. line electrons will start to flow through tae other chokes 
ani into the condensers. ‘The result is a fall that takes about % a micro- 
second. At the end of this period all the condensers will have charged to the 
potential difference developed across Re44i6 and Le416. Electrons will now 
discharge from the condensers through L422 - L417 to HT. for approximately 
another 4 microsecond ami the anode current through L416 and R«446 will drop to 
practically zero as the resistance of Re446 (4K.) is high compared with the 
resistance of the choke path. The anode potential then rises to practically 
H.T. as the condensers discharge in the second half-microsecond. We thus 
obtain a negative-going triangular pip in V.409 grid which has no effect since 
Ve409 is already biassed to pass cut-off. V.408 contimes to pass its current 
but it nearly all flows through the chokes L417 - Leh22. 


49.2 When the timing exponential carries V.407 grid above cut-off the anode 

fall drives Ve408 grid below cut-off. ‘The electron flow through Le4ié — L422 
is thus abruptly stopped. The magnetic field about the chokes then collapses 
and sets up an induced voltage which tends to keep the electron flow going in 

the same direction. As the current cut-off is first apparent at the junction 
of the anode and Le417 the collapse of the field cammences at L417 and develops 
an induced emf. across le417 tending to drive an induced electron flow in the 
game direction as before, iee., toward L418. This electron flow will came out 
of the lower plate of C.433 thus charging the condenser positively to H-T. As 
the field collapses around the successive chokes the same effect is produced on 
the other condensers. The missing capacity at the junction of L.417 and L418 
4s supplied by the stray capacity associated with the output lead. The effect 
then is that C.433 is the first to start charging positively at the instant of 
cut-off. The effect then travels along the line all capacities charging 
simultaneously. The anode of V.408 will swing increasingly positive as the : 
charging camtinues wntil the collapse of the field is camplete. We tims obtain 
a positive pulse with a sloping leading edgee As soon as the collapse is 
camplete C433 will cammence to discharge through Le4i6 and R446, ieee, electrons 
flow into the lower plate of C.433 fram the H.T. line which is actually i2 - 15 
volts negative to the lower plate of C.435- &S Soon as the potential of the 
lower plate of Ce433 has fallen slightly there ‘is 4 potential difference across. 
leh 17 and the electrons in the stray capacity begin to discharge through L.417, 
Lehi6é and Re4S- #$The discharge thus travels along the line through the ter= 
minating resistor until it is campleted. The anode of V.408 meanwhile falls 
back to the HT. level. Since Re4if provides a termination that matches the 
line this discharge takes place without anything more than the minor reflections. 
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We thus obtain a positive-going marker pip with sloping sides instead of the 
straight leading edge end exponential trailing edge that would be obtained if 
we used a short time constant to differentiate the square wave that could be 
developed by using a resistive anode load instead of the line. The triangular 
pip can be passed through the numerous subsequent stages without appreciably 
altering ita characteristic shape. A pip produced by differentiation would 
tend to become progressively wider and more rounded off. The marker pip has a 
width of about 2 microseconds and an amplitude of 12 ~ 15 volts when applied to 


Vs 4,09 gride 


495. In transmission line terms, the action of the pulse forming line is 
described as follows:- 


(a) On the leading edge of the 20 microsecond pulse when Ve 4,08 
goes into conduction, a negative voltage wave travels down 
the line to the short-circuited end where it reflects with 
a phase reversal to give the rising edge of the pip. 

(>) At the instant when the timing exponential carries V.407 
into conduction and cuts V.408 off, a positive voltage wave 
travels down the line to the short-circuited end where it 
reflects with a phase reversal to give the falling edge of the 
pip. 

(c) In each case there is, no second reflection as the line is 
terminated at the other end in a resistor that matches the 
characteristic impedance of the line. 


The Height Marker Pulse-Forming Circuit 
496. The circuit details are shown in fig.-101. 


(a) When the exponential rise at V-400 enode carries V-401 grid above 
cut-off, the valve starts to pass anode current. When this flow 
commences both sides of the condensers in the line are at about 
280V., the level of the stabilised H.T. line. . There will be an 
initial flow of electrons to the anode plates of the candensers and 
a very small flow through R409 and T-401 primary. The inductance 
of Te4,01 primary will be sufficiently high to make this path Look 
almost like an open circuit as campared with the characteristic 
impedance of the line which is 2K. The actual current flow 
Re4O9 and 1.401 primary is then so small that it produces a negligibl 
voltage drop across Rel09 but it is sufficient to cause a drop of 
about 7-8V. across the inductive reactance of Te401 primary. We 
then have, in effect, dropped the whole line through 7-8V. to put 
the junction of 1.401 primary and R409 at +273Ve The anode side 
of the line condensers will be at very nearly the same value. We 
have now both. sides of C.4.05 at about +273V. so have 7Ve across 
Le400. Electrons then leak away from the top plate of 0.405 to 
raise the potential of the top plate. As soon as the junction of 
Le400 and L.401 rises above 275V.-, electrons will start to flow out 
of C406 through L401. We thus have the line condensers charging 
consecutively over a period of about 1 microsecond. As the potentte 
across (4,09 rises, the current which had been previously flowing to 
the anode plates of the condensers, 1-6, into the line, now starts 
to flow through R-409. When all the condensers are fully charged 
the current flows through Re409 and the line chokes, instead of into 
the condensers. Also, as the flow across R409 tuilds up, the 
potential at the junction of T.401 and R409 rises from +275V- to 
+280V. and the voltage across T.401 primary drops to zero. Hence, 
we have a current flow through 7.401 primary only for the 1 microsect 
period in which the line is charging up. We then obtain a megative 
pip across Te401 primary and the phase-reversed positive pip on To.01 
secondary and V.4,03 grid. This positive pip causes the positive 
height marker pip at Ve405 cathode. It appears every time that the 
exponential rise at Ve400 anode carries Ve4O1 grid above cut-off. . 


(b) When the leading edge of the next 20 microsecond pulse carries Ve400 
into conduction, the anode potential falls and Ve40O1 is cut off on 
the grid. The whole line is then pushed up 7-8 volts above E.T. so 
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we have this positive voltage across Te4O1 primary. The condensers 
will now discharge in sequence in a 1 microsecond period. At the 
end of this time the junction of 1.401 primary and R409 is back to 
HT. and there is no voltage across the transformer and hence no 
current. We thus obtain a 1 microsecond positive pip across T.40% 
primary and a 1 microsecond pip across the secondary on the leading 
edge of each 20 microsecand pulse. Since V.403 is already biassed 
to cut-off this negative pip has no effect. 


The Height Marker Delay Line 


497. When V-403 goes into conduction due to the application of the height 

marker on its grid, all the condensers in the network will be completely dis- 
charged with both plates at earth potential. The initial valve current will 
consist of an electron flow fran the top plate of C.411. As this flow results 

in a rise of the cathode potential due to the charging of C411, a potential 
difference appears across L-405 and electrons start to flow out of Cehile2 

through L405. This effect then travels progressively along the network charging 
one condenser after another. At the end of 2 microseconds it reaches the white 
Pye plug and develops the rising edge of the marker on the output cable. A 
little later the voltage appears across the terminating resistor, R414. 


498. As the grid of V.403 falls on the back edge of the marker pip, the valve 
current decreases and the current through the chokes tends to diminish. The 
collapsing field keeps the electron flow going in the same directia, but as 
the valve takes less and less, more and more goes back into the condenserse 
‘Thus, the top plate of C.411 returns to earth potential when the field ecross 
Le405 has collapsed completely. A little later C.412 will be campletely dis- 
charged. In 2 microseconds the collapse of the field L.415 canpletes the 
decay of the delay marker at the white Pye plug. 


499. In transmission line terms we describe this process as follows: - 


(a) When the rising edge of the marker appears on the grid a 
positive voltage wave travels down the networks Since the 
line is terminated in a resistive load equal to its 
cheracteristic impedance no reflection occurs. 

(b) When the falling edge of the marker appears on the grid a 
negative voltage wave travels down the network. Again, 
there is no reflection because the line is correctly terminated. 


The Suppression Network 


500. The action of this network is the same as that of the height marker delay 
line. The leading edge of the input is positive-going so a positive voltage 
wave travels down the line. ‘The terminating resistor, R457 (1K.), matches the 
characteristic impedance of the line 30 there is no reflection. Twenty micro- 
seconds later the negative-going edge of the waveform is applied. A negative 
voltage wave then travels down the line, and, due to the correct termination, 
there is no reflection. The actual delay tapped off depends om how far down 
the line the grid of the suppressor valve is tapped in. 


General Artificial Line Principles and Applications 


501. When any voltage change is applied to an artificial line the effect is 
the same as if we imagined a voltage wave of the same sense as the applied input 


travelling down the line. 


502. If the line is terminated in a resistive load equal to the characteristic 
impedance of the line there will be no reflection. This is the principle of 
the delay line. The output is taken off at a point on the line that provides 
the desired delay. The transit time of the line must then be equal to the 


maximnn delay desired. | 
503% If the line is short-circuited there will be a reflection in antiphase 


which will reappear at the input after a delay equal to double the transit time 
of the line. ‘The positive-going edge of a square wave can thus be used to 
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produce a positive-going pip of any desired duration. The negative-going edge 
of a square wave will produce a negative-going pip of the same duration. This 
is the principle of the pulse-forming line as used in the range and height marker 


circuit. 


504. To prevent reflection from the input end either the input must provide 
a correct match itself or a section is added which terminates in a correct 


matche 


505. If the line is open circuited when the wave reaches the open end it will 
be reflected without phase reversal and will return to the input end in the 

same phase and will manentarily double the voltage applied at the input end and 
‘thus tend to discharge back through the input unless a suitable load is switched 
across the line instead. This is the principle of line modulation if no 
charging choke is usede The charging cheke is added to make the charging time 
long and non-critical while the discharge time is short. The discharge time 

is equal to double the transit time of the line. In the artificial line used 
to modulate the magnetron we applied a -4KV. input through the charging choke. 
The reflection at the open end without phase reversal result in the development 
of a voltage of -8KV. at the input. Instead of letting the line discharge 
back through the input, the spark gap is triggered to connect a matched load 
across the line and the line discharges through the correct termination. At 
the instant the 80 ohm load is connected across the 80 obm line charged to ~OKV 
the line voltage drops to -<4KV. and the other 4KV. appears across the matched 
load. This drop is equivalent to the application of a negative wave of 4Ky. 
amplitude at the line input. Tie wave travels down the line to the open- 
circuited end where it reflects without phase reversal and cames back to the 
input end. Saying that the wave reflects without phase reversal merely means © 
that the flow of energy out of the line continues in the same direction through 
the load. Since the reflected wave is of the same amplitude as the direct wave 
the current supplied remains at the same amplitude. When the reflected wave 
returns to the input end the line is completely discharged and the voltage across 
both line and load is zero. ‘Tne voltage applied to the load consists then of a 
pulse of amplitude equal to half the voltage to which the line was charged and 
duration equal to twice the transit time of the line. 


506. The characteristic impedance of a loss-free L.C. network 1 is purely 
resistive. Its value in olms for a symmetrical line is given by/ > where L is 
the inductance per section in microhenries and C the capacity per Section in > 


microfarads. 


507. The transit time per section for a symmetric line is given in micro- 
seconds by /LC where L is in microhenries and C in microfarads. 


508. If a modulating line is terminated in a resistive load, R, which is 

less than the characteristic impedance of the line, 2, the voltage appearing 

across the load will be _2 x V where Vis the voltage to which the line has 
R + Zo | 

charged. This voltage wili contime for double the transit time. There will 

then be another pulse through the load given by rus x V, where Vi is the 


voltage to which the line was still charged after the first pulse ended. The 
line then discharges in a succession of bursts of diminishing amplitude but cach 
of the same duration until it is campletely discharged. It is this type of 
thing that goes on when the standing pulse appears on the height tube when 4 
magnetron is going soft or an insulation breakdown is developing. 


509. If a modulating line is terminated in a resistive load, Re, which is 
greater than the characteristic impedance of the line, 2), the voltage appearing 
across the load is again oa x V where V is the voltage to which the line is 

o + 
charged. AS TT x V is greater than 5 where Ris greater than Zo, the effect 
of the wave reflected without phase change at the open end is to charge the line 
in the reverse sense to an amplitude equal toR-Zoyy, We then get a dis- 

R 


x 





+ Zo 
charge through the load in the opposite sense of amplitude Tk 
This precess contimies in the form of a series of 
current bursts alternating in sense and diminishing in amplitude until the 


whole energy initially stored in the line is dissipated. The duration of 
each burst will again be of duration equal to double the transit time of the lin. 


the new charging voltage. 
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FIGIO4 7 oe BRIGHT - UP, MIXING AND OUTPUT CIRCUITS. FIG.IO4 





510. 
received sigmsls and markers. 


514. 
distributed as tabulated below. 


CHAPTER & - BRIGHT-UP, MIXING, 


OUTPUT AND DISPLAY CIRCUITS. 
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fig. 4 Ob. 


We must now consider: - 


) How the signals and markers are mixed. 

) How the bright-up waveform is developed and mixed with the 
signals for application to the P.P.J]. grid. 

How the signals and bright-up are applied to the P.P.1. grid. 

) 


How the height tube flyback-blackout is developed. 
g) How the height tube vertical shift voltage is developed. 


We have traced the development of the timebase, transmitter pulse, 


Why a second bright-up waveform is required for the P,.P.I. and 


how it is applied. 
How the signals and markers are applied to the height tube. 


The circuits imvolved in the functions tabulated above are 
The major circuit details are shown in 


a i gS ee ee 
Stage Punction Unit Valves 


t. 


2. 


36 


5e 


6. 


Rx Output Valve 


Rx~-Timing unit 
Mixer and Diode 
D, GC. Restorer 


(a) Bright-up 
MLV. 

(b) Square-Wave 
D.C. Restorer, 
(c) Sawtooth 
cutter, 

(d) Bright-up 
any} i tude 
lintiter. 


Buffer Cathode 
Follower 


W, F, Ge. Mixer 


Video Amplifier 


Develops output consisting of:~ 
noise, suppression break, Pos- 
itive-going signals at p.r.f,. 
of 670, and heading or track 
marker at p.r.f. equal to 
Tepes. of scanner, across anode 


load, R.451 (4K.) 


of Rx-T 
unit 


Rx-Timing 
Unit 


Delivers positive~going output 
at cathode including noise, 
suppression break, positive- 
going signals, heading or track 
marker and range marker, 
Appears at slate Pye plug on 
Rx-Timing unit. 

To develop bright-up square W.F.G. 
wave of duration equal to part of 

of scan occurring after the 

Tx pulse. 


Isolates P.P.1. output W.F,G, 
circuits from Height Tube out- 
put circuits. Synthesis 
listed in (2) crosses from 
slate Pye on W.F.G. to red Pye 
via C.540 for application at 
orange Pye on indicator 16). 
Same synthesis passes through 
V.512 to V.508 grid. 

Mixes bright-up M.V. output W.F.G. 
with input to grid from V512 

cathode and delivers complete 

mixed signals, markers, etc. 

plus bright-up, from its 

cathode to the black lye on 

W.F.G. for transfer to black 

Pye on indicator 184. 


Amplifies mixed signals, eee 
uarkers and bright-up and 

delivers output at anode as or 18d 
positive-going signal for ; 
application to P.P.i. grid. 

Operates with V.508 in WPGC. 


Rx chassis V.8 (VR. 53) 


V.441 (VR.65) 


Half of V.4410 
(VR. 54) 


V.506, V.507 
(VR. 65) 

Ft.of V.509 

(VR. 54) Pt. of 
Ve510 (VR. 54) 
Pt. of Ve5 (VRe 5h 


V.512 (VR.65) 


.508 (VR.65) 


V.16 (RPU) 
- 815 (Granco) 
.91 in both 


models 


otage Function 
6. Video Amflr. as a "gate" which can be used to 
(contd. ) cut either "tops" or "bottoms" 
according to setting of contrast 
control. 
fe Phantastron In addition to its functions in the 
timebase circuit, it provides a 
secom bright-up waveform applied 
to Pir. oe cathod- 
8, Phantastron Limits amplitude of phantastron 
 Brighteup bright=up. 
Diode 
5. PF. D.C. restores input on P.P.I.. grid, 
D.C, Restorer 

70. Height Tube Provides push-pull input to height 
FParaphase tube Yeplates. Height marker is 
Amplifier applied to grid of valve feeding 

; right Y-plate via yellow Pye, and 
signal - range and heading 
marker are applied to grid of 
valve feeding left Y~plate. 

11. Height Tube Restore inputs to grids positively 
Amplifier with respect to a constant D.C. 
D.C.Restorers level to keep D.C. level at anodes 

constant as range changes, 

12. Height Tube Differentiates sawtooth to 
Blackout produce square wave which carries 
Circuit height tube grid below threshold 

level during flyback period, 

15. Height Tube Negatively D.C. restores blackout 


14. 


15. 


16. 


D.C, Restorer 


The r.P.I. 


The Height Tube 


Height Tube 
Shift Cirouit 


waveform with respect to D.C. 
level set by brilliance control 
to blackout the flyback. 


Provides main display 


Provices display for height finding, 


beacon work and monitoring 


Permits depression of electron beam Indicator 
to bring only wanted second half of 18% or 


Valve 


Unit 

Indicator V.2(RFU) 

18). or 184A V.801(Granco) 
VR.94 in 
both models 

Indicator V.15 (RPU) 

18, or 184A VR.92 
V.814(Gramco) 

Indicator V.17 (RFU) 

18, or 18,4 VR. 78 
V. 816( Gramo) 

Indicator V.10 & V13(RP 

184 or 184A V8O9 & V814 
(Gramco) 
VR.65's in 


both models, 


indicator Vi1 &Vi2 

184. or (RFU) | 

10,4 V810 & V812 
(Gramco) 
VR.92'3 in 
both models. 

Indicator C26 (.0001 

18, or R.50 (400K) 

484A in RFU sets. 
C.838 & 839 

(50 pf.) in 

parallel & 
R, 868 (100K) 
in Gramo, 
sets. 

Indicator V.14 (RPU) 

18, or V.813 (Grameco. 

LB4A - VR.78 in both 
sets 

indicator VCR 

18h or series 

184A 


" VCR 439 series 


VRi2, R55, 
R56 (RPU) 


scan on the tube, 184A . VR814, R874 
R875 (Gramco) 


Receiver Output Valve, 


512. 
Mark JIIA receivers, 


This stage has been discussed in dealing with the Mark IIC and 
In both cases the signals on the grid are negative~going 


and the heading marker input isa negative-going waveform applied to 


suppressor. 


The output developed across R.451, the 1K. anode load, consists 


of positive-going signals at a pref. of 670, anda positive-going heading or 


track marker with a p.r.f. equal to the r.p.s. of the scanner, ‘ 
circuit omits the I.F. choke on the anode and uses less elaborate screen 
decoupling as a cathode follower stage is introduced between the detector 


The Mark IIIA 
and the 


Mixing Range Marker and Receiver Output. 


513. When the positive-going range marker appears on V.409 grid the valve 
goes into conduction and the cathode potential rises about 8 volts. Both ends 
of R451 are then carried up together and receiver output and range marker are 
mixed on R.450 (30K). The mixed output is applied vie C.442 (.023) to the 
cathode of the D.C. restorer diode which is half of the VR.5h, V.410. The 
other half of V.410 keeps the suppressor of the receiver output valve from 


swinging positive. 
The D.C. Restorer, 


Fike R464 (1M.) and R.462 (4.7K.) bridge in the anode of V.410 restoring 
section at about 2V. positive to earth. The cathode is returned through R.453 
(4.M) to the negative bias line of around - 7.5V. The diode is, therefore, in 
steady conduction and the cathode will sit at around +2V when no Signals are 
passing through C.442 during the suppression period. Any incoming signals 
will cause positive swings from the +2V. base level. If the negative-going 
black-out range marker is applied its amplitude is sufficient to give a brief 
' depression of the cathode. The normal range marker will give positive swing 
of about 7 - 8 volts. Peak signals and the heeding or track marker will give 


@ positive swing of about 15 = 16 volts. 





The Receiver=-Tini Unit Mixer, V.4i14. 


515. The grid of this stage is tied to the cathode of the D.C. restorer 
through a 1K, grid stopper so sits at the steady D.C. level of about +2V. fixed 
by the diode. This serves to keep a steady current through the 680 ohm 
gathode load, R.467, which fixes the D.C. level of the cathode at 5 to 6 volts, 
Positive-going signals and markers on the grid swing the cathode positive from 
this level through about 85 - 90% of the input voltage. The black-out range 
marker will, of course, swing the cathode negative to its D.C. level. The 
output from V.4141 cathode containing suppression break, noise, signals, heading 
or track marker, and the range marker, is taken to the slate Pye plug on the 
panel of the receiver-timing unit. Thence it is taken to the slate Pye plug 


on the waveform generator panel. 


The Bright-Up Requirements. 


516, Before we can follow up the mixed signals we have delivered at the 
slate Pye plug on the W.F.G. panel we must study the development of the bright- 
up waveform which is to be mixed with them in the next mixing stage. 


517. The bright-up waveform as developed by the bright-up multivibrator was 
designed for use in the indicator 162 and its predecessors. These indicators 
used a diametrical scan. The transmitter fired at approximately the centre 
of the sawtooth as discussed in Chapter 5. Echoes were only to appear on the 
second half of the scan as the C.R.7. spot moved from the tube centre to the 
circumference. A waveform was therefore required for mixing with the signals 
which would carry the P.P.I. grid up as the scan moved from the centre to the 
circumference and drop it back during the flyback and the first half of the 
subsequent swing. The amplitude of this positive-going bright-up square wave 
had to be such that it left the C.B.T. grid just below the threshold for all 
but the peaks of the superimposed valve noise, Signals or markers stronger 
than noise would then carry the grid above the threshold level and cause bright- 
ening of the display. When the square wave terminated at the end of the scan 
the P.P.I, grid wovld fall back to a level so low that no noise or long range 
signals could possibly appear in the flyback or on the first haif of the 
subsequent sweep, These ideas are portrayed in figei06. (a) and (b). With 
the introduction of the indicator 18) and a scan that commences from the tube 
eentre the bright-up portion of the waveform can still serve to brighten up 
the radial scan and to black-out the flyback and waiting period, Difficulties 
arise, however, because we do not want the scan to start when the transmitter 
fires but when the height marker forms somewhat later. At the same time, we 
need the same bright-up waveform to brighten up the Fishpond scan which is a 
diametrical scan. On the Fishpond display we want the bright=<up to commence 
when the transmitter fires. We are thus faced with two required starting 


points. A compromise has, been 
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effected by developing the bright-up waveform to meet the Fishpond requirements 
and combining a subsidiary bright-up waveform with it for the P,P.I. The ideas 
involved in this compromise can be appreciated from fige106. (dad), (f), (g), 

(nh), and (i). Our study of bright-up circuits for Fishpond and the Indicator 
48, P.P.I. then include the development of the W.F.G. bright-up waveform shown 
in fig.106 (e) or (g) and the phantastron bright-up waveform shown in fig.106(h). 


Considerations in the Design of the-¥W.7.G. Brighteup Circuit. 


518. Before studying the circuit used to produce the W.F.G. bright-up 
waveform it is desirable to study the implications of the conditions to be 


fulfilled: - 


(a) The amplitude of the bright-up waveform on the ©.R.T. grid . 
should remain constant as scans are changed. This makes it 
desirable that its amplitude should remain constant in the 
developing circuit. 

(b) The leading edge of the bright-up waveform should not commence 
later than the back edge of the modulator priming pulse on any 
scan since the Fishpond zero marker occurs at that time. Since 
the modulator priming pulse is fixed on the 100/40 scan, this 
means we must be able to vary the leading edge of the bright-up 
waveform in the development circuit on this scan to ensure _ 
brightening-up of the zero marker. On the 10 mile and 20 mile 
seans we can move the modulator priming pulse relative to the 
master sawtooth with the 10 mile and 30 mile zeros, respectively, 
to shift the zero marker to the beginning of the bright—up 
pulse. 

(c) On all scans the bright-up pulse must end with the end of the 
working stroke of the scan to avoid appearance of the flyback. 
This presupposes some cutting-off waveform that has a straight 
falling edge coincident with the end of the working stroke of 
the master sawtooth on all scans. The antiphase square wave 
at the anode of V.500, the first master multivibrator valve, 
swings up as the master sawtooth commences and falls as the 
working stroke enda. This waveform is therefore suitable for 
a cutting-off waveform. 

(a) On all scans it would be desirable to have the bright-up 
square wave commence at a time that coincides with approximately 
the middle of the sawtooth since this will be the point where 
the back edge of the modulator priming pulse appears. This 
suggests that the sawtooth can be used to swing the grid of 
the first valve of a flip-flop above cut-off at the mid-pint 


(2) On all scans it would be desirable to have the bright-up 
square wave commence at a time that coincides with approximately — 
the middle of the sawtooth since this will be the point where : 
the back edge of the modulator priming pulse appears. This 
suggests that the sawtooth can be used to swing the grid of 
the first valve of a fli-flop above cut-off at the mid-point 
of the sawtooth to cut off the second valve and produce the 
positive going edge of the desired bright-up square wave 
at the anode of this second stage. This is the principle of 
the bright-up flip-flop whose circuit is shown in figs.104 and 
107. The sawtooth input condenser is C.524 (.1). 

(e) If we are to use the antiphase master square wave as a 
cutting-off waveform, it must also be applied to the first 
valve of the bright-up flip-flop to cut the valve off on the 
grid as the working stroke of the sawtooth ends. The anode 
rise will then pull the grid of the second valve above cut- 
off. The fall at this second anode will then terminate the 
a Sa aaa The square wave input condenser is 

(f) To have triggering at the required point on the sawtooth the 
grid cut-off level must be adjustable to the required value. 
This suggests the use of an arrangement similar to the height 
and range zeros which can be sean in figelOk. The actual 
control is VR.151. 

(g) The sawtooth amplitudes are not quite identical on ths 
different scans so a setting of a control of the type 
mentioned in (f) will not necessarily apply for more than 
the input sawtooth. 


on which it is adjusted. In aidition to this amplitude 
difference, we shall be faced with the problem that the 

input condenser, C.52h (.1), will not pass the three different 
velocity master sawtooth waveforms without introducing some 
distortion. This distortion will be attenuation of the low 
frequency components, The distortion will result ina 
rediction of amplitude and in a rounding off of the top of the 
sawtooth, The 10 mile or 240 microsecond working stroke will 
be affected least. The 720 and 1200 microsecond working 
strokes will suffer more. These distortion factors will add 
to the problem of initial differences in amplitude, To 
surmount this problem a deliberate distortion is introduced into 
the circuit with a variable control. This distortion circuit 
is designed to work in opposition to the unavoidable distortion 
in the sawtooth input circuit. Its effect is to cause high 
frequency losses so it is most effective on the 10 mile 
sawtooth input. The components involved are V.R. 500. and ©.525, 


(h) In the height and range marker flip-flop a limiter valve was 
provided to keep the timing exponential from carrying the first 
grid up to values which would result in prolonged flows of grid 
ourrent. A similar limiter should obviously be provided to 
keep the sawtooth from carrying V.506 grid into heavy grid 
current. This sawtooth top-cutter is V.510(a), half of the 
VR.54, V. 510. 

(i) To fulfil the condition of constant output amplitude V.507 grid 
should swing through a fixed cut-off level and to a fixed peak 
level. The fixed peak level calls for an amplitude Limiter 
diode. This is V.5t0(b), the other half of the VR.54, V.510. 
which is connected to V.507 grid. The fixed cut-off requires 
a fixed peak current through V.506 in its conducting state, 
through the common cathode load, R.568 (7.5K.). This has 
already been arranged by means of the sawtooth top-cutter diode 


section. 
ration of the Sright-U Plip-F lop, V.506. V. ‘ 


519. The major points in the operation of this circuit have already been 
implied in the preceding paragraph. The sawtooth input via C.524 swings the 
grid of V.506 up and down, The grid out-off of V.506 can be varied by means 
of the preset, VR.151, which operates in the same way as the height and range 
zeros. By means of VR.151, V.506 grid cut-off can be so set that the 50 mile 
sawtooth input from T.501 carries V.506 into conduction to cut V.507 off and 
produce the leading edge of the bright-up pulse at a desired point on the 
Fishpond sean. By means of VR. 500 the 10 mile sawtooth input can be so 
distorted as to cause triggering at the same point on the scan, This 
adjustment may upset the first one. By making a series of alternate ad jus tnents 
with these controls on their respective scans it can be arranged to have the 
leading edge of the bright-up commence at avproximately the same point on all 


three scans, 


520. The diode section, V.510(a), goes into conduction when the sawtooth 
carries its anode above the common cathode potential set by VR.151. This 
serves to limit the rise of V.506 grid and the current passed by V.506. 


521. The square wave input from V.500 anode via 0.525 serves te cut off 
V.506 grid at the end of the working stroxe of the sawtooth, and thus brings 
on V.507 to terminate the bright-up pulse at V.50/ anode. ¥.509(b) serves to 
D.C. restore the square wave input negatively with respect to the common 


cathode potential. 


522, The diode section V.510(b) limits the maximum grid potential of V.507 


and hence the amplitude of the bright-up signal wave applied to ¥.508 grid 
where the signals are superimposed on the constant amplitude bright-up. 


|The Bright-up Controls 

523. The control VR.151 (a screw-driven preset on the front of the switch 
imit) which we shall call the switch mit bright-up control sets the D.C. 
level of V.507 grid and hence the current passed by V.507 through the common 
cathode load, Re578 This current fixes the common cathode potential when 
¥.506 is cut-off and V.507 is conducting. This, in turn, fixes the level to 
which ¥.506 grid must be carried by the sawtooth to bring it into condution 


524. The sawtooth input is obtainéd from the single-ended secondary winding 
of the sawtooth output transformer. The same sawtoo th is applied to the grid 

of the transmitter-timing valve, V.505. The amplitude is about 150V. and the 
working stroke is positive-going. This sawtooth voltage is applici via C.524 
(.1) and developed across the leak, Re559 (120K.). ‘The low frequency 
components are attentuated in C.52) and the sawtooth output appearing across the 
leak is therefore somewhat distorted and reduced in amplitude. This 
distortion is most pronounced on the two slower scan inputs. In parallel with 
the leak we have VR.500, R592 and 0.525e VRe500 is a screwdriver preset on 
the front of the W.F.G. panel which we shall call the W.F.G. bright-up emtrol. 
The voltage appearing across C.525 we apply, via R563, and R.562 to the grid 
stopper, Re564. Now VR.500 and C.525 form an integrating circuit.’ VR 500 
offers equal impedance to all frequency components in the distorted sawtooth. 
C.525 offers an impedance that varies inversely as the frequency. The output 
obtained from C.525 will then be greater at the low frequency end and lower at 
the high frequency end of the spectrum The distortion thus produced will 
represent both a reduction in amplitude (due to the attentuation in VR. 500 
which will be independent of frequency), and also a change in shape due to the 
frequency discrimination of C.525. The main effects will be to (i) reduce 

the slope and (ii) to bring dow the output amplitude of the 10 mile sawtooth 
to a value more nearly comparable with that of the other two. As the W.F.G. 
bright-up control is most effective on the 10 mile sawtooth input it is used 


to make adjustnuents on this scan, 


525. The objective is to find adjustments of the two presets which will enable 
the distorted sawtooth voltages impressed on V.506 grid to carry the grid 
above cut-off at the same point in each scan on the Fishpond display. This 
point will be the zero marker which will be about $" from the centre on the 
100/40 scan position. By means of the 10 mile zero and 30 mile zero the zero 
marker on the 10 and 30 mile scans can be adjusted to about the same diameter, 
The switch unit bright-up control shifts the cut-off level to which the sawtooth 
inputs must raise V.506 grid to produce the leading edge of the bright-up 
waveform. This control is used to set up the leading edge of the bright-up 
waveform so as to ensure brightening up of the Fishpond zero marker on the 
100/40 scan. It may not be possible to actually retard the bright-up. 
sufficiently to prevent it beginning slightly too soon. If this occurs, no 
harm is done, . What is necessary is that the bright-up does not begin too 
late. Full details of the setting up procedure are given in Chapter 10, 


526, The W.F.G, bright-up control is used with the 10 mile sawtooth input 

to so distort the sawtooth as to carry V.506 grid above cut-off when the 
Fishpond scan is again about 3" from the centre, The distortion introduced 
on the 50 mile sawtooth input by varying this control my alter the required 
setting of the switch unit control, However, by alternating between the two 
controls, a few adjustments will bring the leading edge of the bright-up to 
approximately the same point in the Fishpom scan for all three sawtooth inputs. 
The W.F.G. control will o be used with the 10 mile sawtooth input and the 


switeh unit control with the 50 mile sawtooth input. 


527. If the W.F.G. 43 is used to provide an independent bright-up for 
Fishpond, both the W.F.G. and switch unit bright=-up controls should be set 
fully anticlockwise. The same settings apply when the indicator 184 is used 


without Fishpond. 


The Bright-up Flip-Flop Waveforms. 

528, ‘The waveform at the junction of R.560 and R.561 may logically be 
expected to be the square wave input from V.500 anode negatively D.C. restored 
py V.509 (b) about the potential of the coumon diode cathode line. The 


negative phase of the square wave is differentiated to some extent in the 
master multivibrator and it also has different amplitudes on different scans. 
The inclusion of the diode V.509 (b) ensures that the upswings of the square 
wave bring V.506 grid up to approximately the same level on all scans to 
provide a common starting level for the sawtoota rise. 


529. The waveform across C525 will show the attentuation introduced by 
VR. 500 and a measure of shape distortion. 


530e The waveform or V.510(a) anode will show the top-cutting of the 
sawtooth by V.510(a) when the anode is carried above the potential of the 


common diode cathode line 


53le ‘The waveform on V.506 grid will be the composite effect of (i) the 
tapped down square wave whose amplitude is dropped across R.561, (ii) the 
chopped-off sawtooth, and (iii) the effect of the condenser, C.528. Fig.10/ 
(e) and (f) shown the idealised waveform and the actual waveform. C.528 
' was introduced for the early indicators. The sawtooth passed via the 
magslip and indicator transformers to the P.P.1. experiences a slight delay 
relative to the sawtooth fed directly from T.501 to the bright-up flip-flop. 
Without C.528 in the bright-up circuit the bright-up tended to terminate 
before the scan was completed on the P.P.1. The presence of the condenser 
counteracts the shunting effect of the stray capacities at V.506 grid which 
introduces high frequency losses that round off the grid waveform The , 
result is to steepen the waveform edges which serves to bring the vaive into 
conduction earlier and also to hold it in conduction longer. 


532. ‘To appreciate the reason for the step in the waveform it is necessary 
to note the effects of the square wave and the sawtooth on V.509 (b) and 
¥.510(a). When the working stroke terminates and the square wave collapses 
the tapped down drop cuts off V.506 grid. Capacitive effects round off the 
sharp drop. V.509(b) will, of course, be cut off as the anode is carried 
below the cathode by the input amplitude. V.510(a) will, however, remiin in 
conduction because the sawtooth output from C.525 applied across R.563 and 
V.510(a) will be of sufficient amplitude to override the smail effect of the 
square wave after tapping down across ,both R.561 and R.562. Hence, V.506 
grid sits at a steady level determined by V.510(a) until the flyback of the 
sawtooth carries V.510(a) anode below the common cathoce potential. The 
Giode then cuts off and V.506 grid is carried down with the flyback of the 


sawtooth output from C.525 until the flyback ends. 


533. At the commencement of the next working stroke the square wave swings — 
up the junction of R.560 and R.561 from the level to which it climbed by 
differentiation. If V.509(b) were not present, the rise would be through the 


upswing from the differentiated level which varies with the scan, This would 
mean that the junction of R.560 and R.561 would rise to different levels on 
a@ifferent scans, With the diode in the rise will be limited at the point 
fixed when the junction of R.560 and R.561 reaches the level set by the diode. 


The sharp rise is rounded off on V.506 grid waveform due to capacitive effects 


534. After the initial sharp rise due to the square wave the rising sawtooth 
carries V.506 grid up again until cut-off is passed when the next bright-up 


pulse begins. 


535. ‘The waveform on V.507 anode is weirdly distorted because of the time 
constants used in the D.C. coupling to V.508 grid, These time constants are 
devised to permit D.C. coupling which will switch V.508 grid between two 
fixed levels with the bright-up square wave without distorting the square wave 
applied to V.508 grid. The furdamental idea is to anticipate unavoidable high 
frequency losses by introducing & capacitive path across the bridging resistor 
which will discriminate against the low frequency components. The input to 
V.508 grid then has an excess of high frequency components which are shunted 
out in the stray capacity at the grid and the parallel path to V.512 cathode. 
By suitable coice of components a good bright-up square wave is obtained at 


¥.508 grid on all scans. 
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The Buffer Cathode Follower, V.512 


536. The next stage in the synthesis of output for ultimate application to 
the P.P.I. grid is the combination of the bright-up waveform with the mixed 
output from the receiver-timing unit mixer. This aixing of the bright up 
square wave with the result of the previous mixing is carriéd out in Vv. 508, 
the waveform generator mixer. The relation of V.508 to the buffer stage, 
Ve512, and the video amplifier in the indicator 184 is shown in fiz.1l0h. The 
component numbering on the video amplifier stage applies to the RFU indicator. 


537. The input at the slate Pye rlug on the panel of the W.F.G, includes 
valve noise, suppression break, signals, heading or track merker andi range 
marker, All these signals are positive-going with tne possible exception of 
the range marker which may be neyative-going when a blackout marker is desired. 
This input is coupled to the red Pye plug vie C.540 (.1) and R.590 (4h.). Prom 
the red Pye plug this output is passed to the red Pye on Lucero where it is 
cross=-connected again to an orange Pye. From the Lucero orange Pye it is 
conveyed to the orange Pye of the indicator 18, for application to the grid-of 
one of the height tube paraphase amplifiers. The bright=-up waveform is not 
wanted on the height tube as it would cause a step on the trace. V.512 serves 
as 4 buffer between the stages feeding the bright-up waveform to the P.P.I., 
and the height tube paraphase amplifier. The output from V.512 is taken off 
at the cathode and developed across R.578 for application to V.508 grid. The 
bright-up, waveform is D.C. coupled to V.508 grid and swings the grid between 
two levels fixed by the high and the low phases, V.512 cathode will also swing 
With the bright=-up waveform but this aignal cannot couple back to the grid and 
thence to the slate amd red Pye plugs. The bright-up waveform is thus 
isolated by V.512 while the signal input is passed on for mixing with the bright 


up waveform. . 


The Waveform Generator Mixer and Video Amplifier, 


538 #§ These two stages must be considered together as the cathodes are D.C. 
coupled by the black Fye cable from the W.F.G. to the indicator 184, The 
effective common cathode load is the equivalent resistance of the two cathode 
loads in parallel, The total cathode current drawn by the two valves will 
depend on their grid potentials. The grid potential of V.508 is swung between 
two levels fixed by the positive and negative phases of the bright-up square 
wave. The grid potential of the video amplifier can be varied over a considerabl 
range with the contrast control. When the contrast is fully counter-clockwise 
the video grid has its maximum positive value and the valve then passes the 
maximum current through the common cathode load, V.508 cathode is then at its 
highest level and V.508 current at its minimum level. Signals on top of the 
bright-up pulse will have minimum effect on the current passed by V.508 and so 
on the common cathode potential. Under these conditions only the top of the 
bright-up waveform and the superimposed signals will make V.508 conduct. This 
conduction means an increase in the current througn the common cathode load 
and voltage rise of the common cathodes. With the video grid stationary the 
rise of the cathode is equivalent to 4 negative signal on the grid and therefore 
results in a positive output at the video enode, 


539. As the contrast control is taken clockwise the grid potential of the 
video amplifier is reduced. The valve then takes less current through the 
common cathode load and the common cathode potential falls. Hence a greater 
proportion of the bright-up pulse is passed by V.508 and the amplitude of the 
bright-up waveform at the video anoie increases, Since the video amplifier 
is now taking less current the same signals on V.508 grid are causing a greater 
change at the common cathode and hence a greater output at the video amplifier, 


Setting of Contrast Control Required for Fishpond, 


540, For the operation of Fishpond without an imepement bright-up supply 
of its own, it is necessary that the contrast be carried far enough clockwise 

to permit adequate bright-up square wave to pass through V.508 and appear at 

the black Pye output plug. A parallel output carries the mixed bright-up and 
signals to the black Pye on the Fishpond panel. Thence it is condenser coupled 
to the cathode of a signal anplifier similar in design to the video amplifier 


stage. The positive-going output is applied to the grid of the Fishpond 
P.P.1. which uses a diametrical scan. If there is an inadequate bright-up 
square wave passed to Fishpond the scan and the flyback will break through 
and make the display unreadable, Until such time as an independent bright-up 
unit becomes available for Fishpond the minimum contrast setting is 

determined by the bright-up squwre wave amplitude required to make Fishpond 


| usable, — 


The Contrast Control as a Top-Cutter and Amplitude Limiter, 


541. As the clockwise rotation of the contrast control is increased and 

the video current decreases while V.508 current increases, we presently reach 
the point where the peak swings at the common cathode due to signals on top 
of the brignteup at V.508 grid, will carry the video cathode up above the grid 
potential by the grid base, That is, the signal input is cutting the video 
amplifier off on the grid although applied to the cathode, If the contrast 
control is taken still further clockwise, thus lowering the video grid potential 
still more, the tops of the signals will be cut off, If a mixture of weak and 
strong signals is being received it is possible to so set the contrast control 
that the tops of the strong signals are cut off on the grid and the output at 
the anode will show equal amplitudes for the strong and weak signals. Used 
in this way the contrast control becomes an amplitude limiter or top-cutter. 
There may be some advantage in using such an advanced contrast setting when it 
is desired to make a target area show up as 4 solid mass in order to get an 
idea of target outline rather than target detail. It must be borne in mind 
that with this setting of the contrast control all the receiver noise am 
general ground return is being passed through the video amplifier ami impressed 
on the P.P.I. grid. By a suitable setting of the brilliance control it is 
possible to cut away some of this noise and general grouml return and leave 
primarily the mass of signals reduced more or less to a common amplitude and 
capable of producing only a bright blotch. Such a use of the contrast control 
ean be used to get a mass response but cannot hope to give any details of a 


target area, 


542. A high gain setting and well advanced contrast may also be used to 
get sharp lendewater definition, With high gain and top=-cutting, the land 
responses will give a high intensity against which the weak water responses 
will show as a relatively blank area on the P.P.1. display. 


Contrast Setting for Maximum Target Detail. 


543. If target detail is wanted, i.e., if strong signals are to show up with 
greater brightness than weak ones in order to differentiate between, say, 
densely built-up factory areas and suburban areas, we want the signal ampli- 
tuje in the video amplifier output to bear a reasonable relation to the strength 
of the relative responses. This condition can probably be best:fulfilled if — 
the contrast control is so set that normal good signals just carry the video 
stage to cut-off. If the output at the video anode is scoped as the 
contrast control is carried clockwise the amplitude of a good signal or of the 
range marker will be seen to increase until the point is reached where top=- 
cutting begins. Further clockwise rotation of the contrast control will 
result in further amplification of the bright~-up and superimposed noise and an 
actual reduction of the range marker or signal amplitude. The setting of 
the contrast control to achieve maximum contrast between strong and weak signals 
is then at the point where the normal good signal is just carrying the video 
stage to the cut-off point. This setting can be approximated on the bench by 
observing the output at the video anode on the monitor 28, Alternatively, 
the range marker dot my be observed on the P,P.I. with the scanner stationary. 
Gain, contrast and brilliance should first be taken fully counterclockwise. 

The briliance is first brought up to show the scan and then turned back about 
4 notches from the point where the scan fades out. If the contrast is now 

taken clockwise to the point where the radial scan appears and is then taken 
back about 1 notch from the point where the scan fades out, the position for 


maximm detail is approximtely located. 


The Slopi Bricht-Up Sop. 


on the P.P.1. grid or video anode is examined it will 

then a gradual climb to a peak value. This 

distortion results from the fact that decoupling condenser for the video anode 
ble impedance to the low frequency components 


H.T. supply does not offer negligi 
in the square wave. This can be seen by examining the waveform on the condenser. 


This distortion is not actually a disadvantage as it helps to minimise the 
effect on the display of the strong, close-in, general ground return. The 

4 ah. choke is the standard video amplifier method of counteracting the 
shunting effect of stray capacity at the high frequency end of the band which 


the stage is required to amplify. 


Bhs If the waveform 
show a sharp initial rise and 


The P.F.1. D.C. Restorer. 


5,5. When a measure of bright-up square wave is included in the video output 
applied to the P.P.I1, grid the mean D.C. level of the P.P.I. grid will vary with 
the range in use. This follows from the fact that the P,P.I. grid mean level 
will be such that the area of the input waveform above the mean level will be 
equal to area below it. As the range diminishes the length of the positive- 
going bright-up square wave shortens, Hence the mean level of the P.P.I. grid 
will tend to fall as the shorter scans are brought into use. This means that 
the setting of the brilliance control should be altered as the sean is changed. 


545. To eliminate the need for resetting the brilliance control 4s the scan 
is changed a D.C, restoration stage is connected to the P.P.I. grid. Details 
are shown in fig.104. The anode of the VR.7& restorer is tied to the slider 
of the brilliance control. The cathode of the restorer is returned through 
4M. to the foot of the brilliance control. As the anode is thus held positive 
to the cathode the valve will conduct. The bleeder current therefore divides 
at the foot of the brilliance control, Part flows through the 1M, and the 
diode to the brilliance slider where it rejoins the current flowing straight up 
the bleeder. The other part flows througn the brilliance potentiometer, The 
impedance of the conducting diode is low in comparison with that of the 1M. 
cathode resistor so the diode cathode and anode will be approximately at the 
sane potential, i.e., at the potential of the brilliance slider. As the 
P.P,I. grid is tied to the restorer cathode it will likewise sit at approximately 


the brilliance slider potential. 


547. When the bright-up square wave is applied to the P.P.I. grid it is also 
applied to the restorer cathode. This tends to cut the diode off so the diode 
current switches into the bleeder., As more current now flows through the 
bleeder the potential at the brilliance slider rises and raises the potential 
of the diode anode, The effect of the input signal is then to develop a 
voltage across the 1M, cathode load which serves to raise the potential of the 
diode cathode and anode together. This can be confirmed by scoping on the 
brilliance slider with a suitable high voltage condenser in the scope lead. 

At the end of the signals and bright-up pulse the P.P.1I. grid and diode 
cathode are carried down and the diode current goes back to its peak value. 
The brilliance slider potential then falls back to its base level which is — 
the on all scans so the same brilliance setting will result in the same 
intensity for a given signal amplitude regardless of the scan in us@s. 


The Phantas tron Bright—-Up. 


ed out in para, 517 that the W.F.G. bright-up waveform 


548. It was point 
requirement of commencement on the 


could not similtaneously meet the Fishpond 
back edge of the modulator priming pulse, and the indicator 184 requirement of 


starting when the eight marker forms. It was indicated that a subsidiery 
bright~up waveform was taken from the phantastron cathode and applied to the 
P.P.1. cathode. This input to the P.P.I. we shall call the phantastron 
bright-up. The effect of the two bright-up waveforms was illustrated in the 


waveform series Shown in fig.106, 
549. The relevant circuit details are shown in fig.104. The phantastron 


develops a negative-going square wave at its cathode commencing, when the 
height marker forms and continuing for about 1000 microseconds, Details of the 
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the phantastron operation are discussed in paras. 158-162, The waveform on 
the cathode has an amplitude of around 60V, This is tapped down across 4/K, 
in series with 560K, and applied to the cathode of a diode limiter. The 
tapping arrangement holds the diode cathode at a D.C, level of about + 5V. 

When the negative-going signal appears the diode then limits the amplitude of 
the swing on cathode to about = 5V. which is applied to the P.F.I. cathode, 
Driving the P.P.I, cathode negative has the same effect as driving the grid 

' positive, i.e., to increase emission, As shown in fig.106, the setting of the 
brilliance control must be such that the added effect of the two bright-up 
waveforms holds the P.P,1I. grid just short of the threshold of illumination, 
Superimposed signals and markers will be able to carry the grid above the 
threshold only while both bright-up waveforms are operative. In this way 
there is no possibility of valve noise causing a brightened up spot in the 
centre of the tube during the waiting period between the instant the transmitter 
fires and the instant the height marker forms. On the other hand, the fail 

of the P.P,I. grid when the W.F.G. bright-up ends will cause 4 sufficiently 
large drop to prevent the flyback showing up on the tube. This assumes that 
the contrast is set sufficiently clockwise to permit the passage of adequate 


bright-up square wave through V. 508, 


The Height Tube Paraphase Amplifier Stage, 


550. (a) The relationship of this stage to the mixing and output circuits 
generally is shown in fig.104. 
(b) Waveforms are shown in fig.109. 


551. From fig.10, we see that the height marker is taken from the white Fye 
plug on the receiver-timing unit to the corresponding plug on the Lucero unit 
where it cross-connects to the yellow Pye plug. Thence it is taken to the 
yellow Pye on the indicator 18, and applied to the grid of the one amplifier. 

The mixed output of the receiver-timing mixer stage is applied to the slate Fye 
plug on the W.F.G. There it corss-connects to the red Pye and passes to the 

red Pye on Lucero where it cross-connects to the orange Pye. Thence it 

passes to the orange Pye on the indicator 18h and the grid of the other amplifier. 


552, Examination of the amplifier circuit in fig.109 shows the following 
significant points:= 


+8 The 2K. cathode loads are strapped by a 270 ohm resistor. 
b) The 270K. grid leaks are returned to the decoupled junction of 
a bleeder across H.T. of 570K. and 47K. in series. This serves 

to give the grids a D.C. potential of around 27V. 

{c) The grids are also returned to the same decoupled tapping point 
through diodes, 

(a) Equal anode loads are used and the circuit is completely 
symmetrical. 

ts The anodes are D.C. coupled to the Y-plate of the height tube, 

f)} The 270 ohm cathode strapping resistor is shunted by a .0015 

condenser. 

(g) 1% metre chokes are inserted in the grid inputs. 


553. as the amplifier grids are returned to a positive potential the valves 
are in steady current which gives the cathodes a D.C. potential of about 
+29V. There is therefore a standing negative bias of about eV despite the 
fact that the grids are tied to a positive potential. 


554. Let us assume for the moment that only the yellow input is connected. 
The only input to the amplifier will then be the height marker, The positive- 
going marker swings the grid up so the valve passes more current. This will 
gause the anode potential to fall. At the same time the cathode potential 
will rise. Of this rise, a proportion given by 2 or about 88% is applied 


to the other cathode. Since the second grid is stationary this rise 
represents the equivalent of a negative input on the grid. The result of the 
hezht marker input is then e simultaneous fall at the anode of the valve to 
which it is applied and a rise at the anode of the other valve. The net . 
input signal on the first grid is the difference between the actual input and 
the cathode rise. The 270 ohm resistor is chosen to make this effective input 
approximately equal to the input on the second cathode. In, this way one 
signal can. be used to produce 4 push-pull output which is reasonably well 


balanced, By applying the negative-going output to the 


right signal plate and the positive-going one to the left signal plate the 
electron beam will be reflected to the left to give the height marker blip 


as a aeflection of the trace to the left. 


555. ‘The input on the other grid includes the valve noise, suppression break, 
range marker, signals, and heading or track marker. These signals will operate 
in precisely the same way as the height marker to give a push-pull output. The 
phase of this output will, of course, be opposite to that of the height marker 
so the deflections will be to the right. If the blackout range marker is used, 


4+ will aprear on the left. 


556. The absence of noise during the 20 microsecond suppression break will 
result in a clear trace for the suppression interval, As the suppression is 
reduced the transmitter pulse breakthrough will show at the end of the suppress~ 
ion period. It must not be assumed thet the end of this breakthro 
represents zero time. The width of the transmitter breakthro ulse will 
depend on how much si 1 is generated in the m tron due to overswingi 
of the pulse transformer despite the diode dampi and how much this magnetron 
output shocks the tuned circuits of the head lifier and I.F. strip. An 
atterpt to set the height zero by referri to the back ed of the trans- 
mitter breakthrougn is therefore extremely likely to result in anything but a 


reasonable accurate adjustment, 


557. ‘The centring of the height tube trace is entirely dependent on the 
balancing of the D.C. anode potentials of the two valves since D.C. coupling 
to the signal plates is employed. Any change in the values of the resistors 
used as anode and cathode loads or any change in the emission of either valve 
will therefore result in a lateral shifting of the trace. 





r 





558 The 1.5 metre chokes inserted in the grid inputs are to block any signal 
from the Lucero transmitter pulses which may be picked up where the connections 
are made from one Pye plug to another inside the Lucero unit, 


559. The .0015 condenser across the 270 ohm cathode strapping resistor is 
included to compensate for shunting of the high frequency components in the 
pulse edges by stray capacity. The high frequency components will find a 
lower impedance path across the condenser than the low frequency components. 
This discrimination tends to balance out the greater shunting of the high 
frequency components by stray capacity, and so results in a better pulse shape. 


The Height Tube D.C. Restorers. 


560. Valve noise is applied to the one emplifier grid (except during the 
suppression period) but very little noise will appear with the height marker. 
This effect alone would tend to shift the D.C. level of the one grid to 4 
higher valve than that of the other grid. The presence of all the signals and 
the beading marker on the same grid would tend to accentuate this effect. 

Since the period during which signals are received will vary in length with the 
scan in use, there would be a tendency for this displaced D.C. level to vary 
with scan changes. To ensure that the D.C. level of the two grids remains 
equal and constant the diade restorers are connected across the grid leaks to 
the decoupled tapping point. All signal and marker inputs will then swing the 
two grids from the common level which will be independent of the scan 1h Uuse@, 


The Height Tube Black-out Circuit. 
561. The height tube scan is obtained by feeding the push-pull master 
sawtooth output from the centre-tapped secondary of T.501 in the W.F.G, through 


an amplifying transformer whose split secondary provides 4 push-pull output 
to the time-base plates. As we do not want the flyback on the display some 


provision is required to carry the grid of the height tube below threshold 
level during the flyback period. 

562. Details of the height tube eireuit are shown in fig.110. The sawtooth 
output from one end of the split secomary of the sawtooth transformer is 
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differentiated in the time constant provided by a .0001 (two 50 pf. in parallel 
in Gramco wits) condenser, C.26, and a 100K. leak, Re50. The output voltage 
developed across the resistor is applied via a .01 condenser, C.27, to the D.C. 
restoration circuit of the height tube grid, The small condenser of the 
differentiating CR.e offers a high impedance to the low frequency components in 
the sawtooth. The output across the 100K. leak therefore possesses an 
appreciable excess of high frequency components since these are passed by the 
condenser. The result is a squaring off of the sawtooth to give a squarish wave. 
The positive part of this squarish wave corresponds to the working stroke of 
the scan and the negative part coincides with the flyback. By negatively 
restoring this waveform with respect to the height tube grid potential, as 
fixed by the brilliance control, the negative part can be used to blackout the 


flybacke 


563. The DC. restoration circuit uses a VRe/S The cathode is tied to the 
brilliance slider end the anode is tied to the height tube grid. The brilliance 
slider is decoupled with respect to the height tube cathode by C.30 (.05). 

Re52 (47K) serves as grid stopper for the height tube. k- 51 (2.2M) is the 

leak of the input time constant and C.27 (.01) is the condenser. 


564. Asswiing that we had no blackout input to C.27 the diode anode and 
cathode would be at the brilliance slider potential. The height tube grid would 
then be at the sane level. When the positive part of the waveform*’is applied 
the effective input time constant is C.27, Re52, ieee, 470 microseconds. There 
will then be considerable differentiation of the positive part of the square 
waves The positive voltage developed will appear across R52 and the diode in 
series. As the conducting diode impedance is low in comparison with 4/K. the 
diode anode and height tube grid will remain practically stationary at the 
brilliance slider level. When the scan ends and the falling edge of the input 
waveform is applied to C.27, the height tube grid and diode anode are then 
carried dom and the flyback is blacked out. As the diode impedance is now 
infinite the effective input time constant is C.e27, Re5dl (22,000 microseconds). 
This time constant is so large in comparison with the blackout period that 
differentiation is negligible and the full flyback is therefore suppressed. 


The Height Tube Vertical Shift 


565. As we are only blacking out the height tube flyback the height tube 

grid is held above the threshold level for the entire scan. for navigation and 
boubing the transmitter fires at approximately the centre of the scan. The 
useful part of the scan is then only the second half following the suppression 
break, Since the height tube is small only a portion of the scan can be . 
displayed on it. We must then have a vertical shift to perait setting the ~ 
usual part of the scan to start at the bottom of the tube. The shift network ~ 
consists of the shift control, VRe1l2, and the resistors R55 (470K. ) and R.56 
(1.2%) The slider of VR.12 is returned to +300V. while the comon point of 
Re51 and R56 is tapped down on the height tube bleeder. Electrons then flow 
from the tapping point through R55 and the one side of VR.12 to the slider ani 
thence to the 300V. lines A parallel flow occurs through R.56 and the other 
side of VRe12. ‘These current flows must always be such as to develop equal 
voltage drops in the parallel paths. The magnitude of the current in either 
path will then vary as the resistance of the path is changed by altering the 
setting of VR.12, Hence, the voltage drops across R55 and R56 are varied as 
the setting of VR.12 is varied. The one Y=plate is held above the potential 
at the junction of R.58 and R.59 by the drop across Re55, and the other above 
the same potential by the drop across R.56. By suitably adjusting VR.12 the 
lower timebase plate is held sufficiently positive to the upper plate to 
depress the electron beam so as to bring the suppression break to the bottom 


of the tube. 


566. As was pointed out previously, if the scan-marker switch is set to the 
100/40 position the transmitter firing is afvanced about 500 microseconds. 
suppression break is then carried down into the depressed part of the scan 
and the visible part of the scan represents ranges of the order of 40 = 990 miles. 


The Height Tube Bleeder Supply 


tube bleeder current is taken from the -1.8KV. supply in the 


567. ‘The height > 
power unit. 1 the case of the Mark IIC installation this supply is brought 


The 
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from tne power unit to the tyming unit 207 for the kiystron, <A cross- 
connection is made to a parallel plug which is connected to the indicator 
to supply the height tube bleeder. 


568. In the Mark IIIA installation the -180CV. supply is taken straight 
from the power unit to the indicator 18). 


The P.P.I. bleeder supply 


569. The current for the P.P.I. bleeder is obtained from the <4KV power 

pack in the modulator type 64 The input is brought from the blue wniplug 

to one of the blue wmiplugs on the indicator which is connected to the bleeder 
terminus. ‘The other end of the bleeder is retumed to earthe 


570. A parallel blue output plug is available on the indicator 16, from which 
a ~4KV. supply is obtained to supply the Fishpond P.P.1I. bleeder. 
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CHAPTER 9 - THE ROLL-STABILISED SCANNERS. 
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Purpose of Stabilisation. 


571. When an aircraft is flying straight and level the axis of rotation of 

the scanner is perpendicular to the earth's surface. As the scanner rotates 
the H.2.S. beam rotates with it. If the airoreft banks the axis of rotation 

of the scanner is tilted with respect to the earth's surface. The H.2.S. 

beam them experiences two simultaneous displacements = the normal rotation, and 
a slide in the direction towards which the axis of rotation is displaced. This 
means that the H.2.S. display also slides. This oan be appreciated if we 

think of the scanner as being stationary when the bank occurs. As the beam 
glides without rotating a different sector of the earth's surface is illuminated 
and indications from other targets or other parts of the same large target, will 
appear on the scan then occurring. This sliding of the H.2.S. display i 
evasive action on a bombing run makes it difficult to bomb accurately with H.2.5. 
fo overcome this difficulty new scanners have been developed which are gyro- 
stabilised against roll. As soon s8 the scanner platform is displaced from 1 
to 14° from the horizontal a gyro comes into action to develop a restoring force. - 
This stabilisation remains effeotive for displacements of up to 30° to either 
side. The platform is not stabilised against "pitch", i.e., displacement of 
the scanner's axis of rotation as the aircreft climbs or dives. 


Stabilised Scanner C3. 


572. The roli-stabilised scanner for use in the H.2.S. Mark IIIA installation 
is the scanner Type 71. The one to be used in the H.2.S. Mark IIC installation 
is the Type 63. These scanners differ mainly in the type of R.F. feeder 
employed and the dimensions of the waveguide radiator. The Type 71, since it 
uses a wavelength of approximately 3 cms., uses a waveguide feed. The Type 63, 
which is designed for use with a wavelength of about 9 oms, uses a coaxial feed. 
The Type 71 gives a beam width of about 35° and the Type 63 develops a beam 


width of about 85°. 


Major Components and their Primary Functions. 


573, The main parts of the assembly are as follows:- (See fige2h) 


(a) The fixed part of the platform which is rigidly attached to the 
aircraft frame. | 

(b) The moving part of the platform which carries the scanner proper, 
722 or H.F. box, and gyro control unit. | | 

(c) The gyro control unit which develops the misalignment voltage to 
operate a motor-generator Type 74. : 

(ad) The motor-generator Type 74. which is mounted on the fixed frame 


and drives the moving frame. 
(e) Balance weights attached to the moving frame to maintain a constant 


load on the motor. 
(f) Junction box 246 and two bulkhead panels mounted on the fixed part 


of the platform to facilitate cabling connections. 


Accessories Mounted Independent of Platforn. 


574. (a) An engine-driven vacuum pump which provides the suction employed 
to operate the gyro control unit. 
(b) A D.C. amplifier unit to change the misalignment voltage produced 
by the gyro control unit into current changes which are applied 
to the Pields of the motor-generator Type /4. 
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Principle of Operation 


575. assume that the airoraft is flying straight and level. The moving 
platform, swivelled on two brass bushes in line with the fore and aft axia of 
the sircraft, will be horizontal. The axis of rotation of the scanner will 
then be perpendicular to the fore and sft axis of the aircraft and to the 
earth's surface. The gyro axis will be horizontal. Rigidly attached to the 
gyro case is a slab-wound potentiometer. Attached to the gyro is the wiper 
contact of this potentiometer. The potentiometer winding is centre-tapped to 
earth. ADC. voltage of about 60V. from a power pack in the D.C, amplifier 
unit is applied to the potentiometer so the ends will be at approximately 
+30V. and -30¥. When the moving platform is level there is no relative dis- — 
placement between the gyro case and the gyro. The wiper contact is then at 
the earth point of the slab-wound potentiometer. If the aircraft banks the 
fixed platform moves with the airframe. The moving platform is linked 
mechanically to the fixed platform so will be displaced with it and therefore 
will move the gyro mounting. The gyro itself will, however, maintain its 
axis of rotation horizontal. Hence there is a relative displacement between 
the gyro itself and the ceasing. Thet is, the slab-wound potentiometer moves 
relative to the stationary wiper contact and the contact is no longer at carth 
potential, The actual sign of the potential impressed on the contact will 
depend on the direction of the roll, i.e., to port or starboard, The magnitude 
would be determined by amount of roll if no restoring force were brought into 
play to return the moving platform to the horizontal position. 


576. The voltage picked up by the wiper arm is termed the misalignment voltage. 
This voltage is taken from the gyro by a screened lead to the D.C. amplifier 
unit where it is used to alter the currents passed by a cathode-coupled VEGOA 
paraphase emplifier pair. These valves provide the field currents for the 
split fields of the motor section of the motor-generator Type 7. When 
properly balanced, these field currents will be equal if the misalignment 
voltage is zero. The motor armature will then be stationary. AS so0On 68S a 
displacement of 1 - 13° ocours the misalignment voltage applied to the emplifier 
unit causes sufficient unbalenoing of these field currents to cause the motor 
armature to turn. The motor-generator is mounted on the fixed frame but tied 
through mechanical links to the moving platform. The rotation of the motor 
armature operates these mechanical links until the moving platform ia agein 
horizontal when the misalignment voltege falls to zero. There is then no 
unbalancing of the currenta applied to the split motor fields and hence no 
torque on the motor armature which then remains at rest if the bank has been 
completed. The motor continues to operate as long as there is a misalignment 
voltage, i.e, as long as there is aircraft roll in either direction. Since’ 
banks to opposite sides give misalignment voltages of opposite sign they 
result in opposite rotations of the motor armature, 


The Misalignment Voltage Channel. 


577. Details of this channel sare shown on the Stabilised Soanner Inter= 
comection Diagram, Fig.i11. A quadramet cable links the J.B. Type 246 and 
the gyro control unit. This cable terminates in a special 6-way socket at 
the gyro end and in e 4-way coded yellow at the junction box. Cross 
connections are shown below:= 


sere Pl Pp EP A SH 


Special 6—way Leway Carrying 
pe pete if ea Ef Pt OP 
Pin 1 Pin 1 4 to slab-wound 
5 3 =-30V.) pot. from amp.unit 
6 2 misalignment volts . 
4. hk earth 
3 )strapped 
2 blank 





578 In J.B.246 cross-connections are made from the 4eway yellow to a 120 
way green which goes to the amplifer unit. Pins 4 and 3 on the leway are 
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tied to pins 5 end 7 respectively. Pins 2 end 4 are tied to pins 6 and 4, 
respeceively. From the 12-way green on J.B. Type 246 a cable to the amplifier 
unit Type A.3562 carries the misalignment volta to the D.C. amplifier and brings 
the D.C. supply for the slab-wound potentiometer from the half-wave metal 
rectifier in the amplifier unit. These three leads are soreened, 


The Amplifier Unit, Type A3562 or A3562A 


579. Circuit details are shown in Fig.112. V.1 (VR.91) is a straight D.C. 
enplifier. The misalignment voltage applied to the grid causes variations in 
the ourrent passed by the valve and hence in its mode potential. R.1 (400K. ) 
serves a8 a grid stopper. R22 (56K,) and C.1 (.02) provide light decoupling 


against rapid changes. 


580. V.3 and V.4 form a VI6OA cathode-coupled paraphese D.C, amplifier. As 
V.1 anode potential varies due to the appearance on its grid of a misalignment 
voltage an entiphase voltage change appears at V.3 anode. V.4 grid is tied 
to a decoupled potential of about 110V. Suppose V.3 grid is carried positive. 
This will reault in inoreased current through the common cathode load, R.12, and 
and increase in the cathode will have the same effect as a negative signal at 
V.4& grid so will cause V.4 snode voltage to rise. By means of VRI, the 
operating point of V.3 grid oan be.so set that the voltage drops aoross Ki3 in 
Vi, anode and K7 in V3 anode are equal when V.1 grid is returned to earth, i.e. 
when the moving platform is horizontel. These voltages are epplied to the 
split field windings of the motor-generator. One winding is in parallel with 
R.13 and the other with R.7. If V.1 grid is carried up the current in field 1 
{in parallel with R.7) is reduced. At the same time the ourrent through field 
2 (in parallel with R.13) is increased, This results in rotation of the 
armature and the moving platform is pulled back to the horizontel when V.1 grid 
returns to zero and the fields are again balanced. Tf V.1 grid is carried 
down the unbalancing of the fields is in the ovvosite sense and the armature 
rotates in the opposite direction. 


581. The diode, V.2, has its cathode returned to a potential of about 150 
volts at the junction of 2.16 and R.17. This diode then limits the potential 
to which ¥.3 grid can rise to about 150V. R.6 serves as a grid stopper as 


does Re 15. 


Balancing the Paraphese amplifier. 


582. A jack and push button switch are incorporated ror this purpose. 
Early models combine the switch and jack, but in later models the two are 
seperated, Pressing the switch 5.1 earths V.1 grid and so sets up the same 
conditions in the amplifier unit as will exist when the moving platform is 
horizontel. By jacking in a meter at the jack=point the difference in the 
anode voltages of V.3 and V.4 can be measured. If these are not equal V.R.1 
is adjusted until the meter shows no potential difference. Assuming matched 
valves and no tolerance in component values V.3 grid should then be sitting 
at the same level as V.4 grid. Where valve characteristios or component 
values differ this will not be the case when V.R.1 is adjusted for a balance. 


The Power Pack, 


583. T.1 and V.7 form a 504G full-wave reotifier stage. C.3, CK.1, and ¢,7 
provide the necessary smoothing for an output of about 420V. Comparison of 
the Scanner Interconnection Diagram and the Amplifier Unit Circuit Diagram 
will show that the 80V. supply to 7.1 primary is only completed if the 12—way 
plain cable from the motor~generator is connected to the J.B. Type 246. The 
SOV. supply from J.B. Type 83 (Merk IIC) or J.B. Type 231 (Mark IIIA) is 
-brought to the amplifier unit on a 2-way cable. Pin 1 is tied to Pin 9 on 
the i2-way green on the amplifier unit. Pin 2 is connected to 12/11 and one 
gide of 7.2 primary. To complete the circuit 12/9 mst be connected to 12/10 
and the other side of 1.2 primary. This connection is made when the 12-way 
from the motor=generator is connected to the 12-way plein sooket on J.B. TyPe 
216 since Pins 9 and 10 ere strapped in the 12-way socket at the J.B.246 end 
of tnig cable. Since Pins 9 and 10 on the i2-way plein are cross-connected 
to Pins 9 and 10 on the 12-way green, Pins 9 and 10 on the 12-way green at the 
amplifier unit are then connected, This means thet the H.T. supply will not 
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be applied to the VT60A's in the amplifier unit unless the motor~generator 
cable is connected to J.B. Type 246. This precaution is necessary to 
protect the VT60A's. Should the motor-generator cable not be connected to 
J.B. Type 246 the split fields of the motor would not be across the VT60A 
anode loads. The effective anode loads would then be so high that the anode 
potential would fall to a very low value and secondary emission at the grids 


would damage the valves. 


584. A separate transformer, T2, supplied directly from the 2-pin COV. 

input, provides heater voltages for all the valves in the unit. fhe winding 
which supplies the heaters of V.3 and V.4 is strapped to the decoupled point 

to which V.4 grid is returned. Since the cathodes will normally'be sitting 
some 120V. positive to earth, returning the heaters to earth might cause heater~ 
cathode leakage and insulation breakdown, 


585. Another secondary on T.2 feeds a half-wave metal rectifier of the 
selenium type. The output is smoothed by C.5, (X.2, C.6 to provide a 60V. 
output. 2.19 serves as a bleeder across the output. This is the D.C, 
supply for the slab-wound potentiometer in the gyro control unit. It is 
supplied to Pins 5 and 7 of the 1t2-way green when it is passed to J.B, Type 25. 
In the J.B. Type 246 cross-connections are made to the 4-way yellow as stated 
in para.578& From the 4e-way yellow the channel is completed to the gyro 


control unit as shown in para.5/7/7. 


The Motor Generator e 7 


Motor Section. 


586. The motor section of MG, Type 74 is of the split field type. The 
two field windings are in parallel with the anode loada of V.3 and V.4& in the 
amplifier unit, via the 12—way green from the amplifier unit to the J.B. Type 
246 and the 12-way plain from J.B. Type 246 to the motor-generator. Pin 3, 
tied to the amplifier unit H.7 line, goes to the common point of the split 
field windings. Pin 1 ties field 1 to the foot of V.5 anode load and Pin 2 
ties field 2 to the foot of V.4 anode load, The principle of the motor's 
operation has been discussed in paras. 576 and 580. The resistance of the two 
field windings in series is 2500 ohms. The balanced Field current is about 
60 ma. in each winding. 


Supplies for Motor Armature and Scanner Motor. 


587. The motor armature current is about 5 amps. The supply is obtained 
via the Junction Box 246. This armature supply cannot, however, be applied 
until th: H.2.S. scanner is operating. How these results are achieved can 
only be appreciated by tracing out the channels on the Scanner Interconnection 
Diagram, fig.111. Starting from the motor armature we pass to the filter 
unit. via a Dumet cable. The other end of the filter unit ia connected into a 
junction box containing two Grelco strips. One of the filter unit leads is 
taken out via o further Dumet cable to the resistance unit Type 4221. The 
return from this resistance unit is strapped via the Grelco strip to 7 and 8 
of the i2-way cable to J.B.245. The other lead from the filter unit is 
strapped via the Grelco strip to 11 and 12 of the same 12-way cable. Passing 
to the J.B.Tfype 246, we find Pins 11 and 12 tied via a switched relay contact 
to Pin 2 (+) of a 2=pin plug coded red. Pins 7 and 8 of the 12=-way plain 
are tied directly to Pin 1 (+) of the two-pin red. From the 2-pin red on the 
Junction Box 246 we pass directly to a point on the aircraft fuse panel where 
the 24V supply is picked up. From fig.111 it can be seen that the relay 
contact in the J.B.246 must be closed before the 24V supply to the motor 
armature can be completed, 


588. When the switch unit push-buttons have been pressed and the amber Light 
has come on, Closing the scanner motor switch will put 24V. D.C. on the 6B plug 
at the power unit. From this plug a cable goes to the one plain 6B on the 
J.B. Type 246. From this 6B a cross-connection is made to the other 6B plain 
to put 247. across the solenoid of the relay in this Junction Box. At the 
same time the 24V. supply is transmitted from this second 6B to a corresponding 
plug on the control unit Type 477 mounted sbove the Navigator's head, Cross- 
connections are made inside this control unit to a second 6B plug through a 
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variable 12 ohm rheostat by means of which the voltage actually applied to 
the scanner motor can be varied. The supply of the scanner motor goes from 
the second 6B on control unit Type 477 to the port bulkhead panel and thence 
via a Dumt 19 cable to the soanner motor. Pin1 of the motor input goes 
to Pin 1 and Pin 2 to Pin 6, : 


539. Hence, when the scanner motor switch on the switch unit is closed, we 
simultaneously set the scanner in motion and energise the relay in the J.B. 
Type 246. This closes the oontact which serves to complete the supply to 
the motor armature in the motor-generator Type 74 from the 24V. input. Sinoe 
the scanner motor switch is not operative for about 40 seconds sfter the 
"r,.T. ON" button is pressed, the motor-generator cannot come into operation 
for at least 40 seconds after switching on LT, 


The Resistance Unit Type 4L22t. 


590. The supply for the motor armature of the MG Type 74 is drawn through 
a 4.5. ohm 120 watt limiting resistor. This resistor is mounted in a box 
on the fixed part of the platform and is inserted in the supply to the 
armature between the Grelco strip and the D.c. filter unit. This resistor 
is included to limit the armature current to about 5 amps. when there is no 
field to cause rotation and hence no back e.u.f. to limit armature ourrent. 
Later modela will have three 13s ohm resistors in parallel. 


The Link Between the Motor and Moving Plistforn. 


591. The motor-generator, mounted on the fixed platform, is connected to 

a moving arm which drives the moving platform via a step-down gear train of 
approximately 250 : 1. The moving arm is connected to the moving platform 
by means of a driving rod, A second rod, driven by meens of balance 
weights, fitted to the moving platform keep the load on the motor constant 
regardless of the amount of displacement. The motor should come into 
operation for displacements of about 1% and be almost instantaneous in action. 


The End Stops. 


592,  End-stops are fitted which allow a maximum movement of 30° to either 
side of the true horizontal. When the platform comes up against the end- 
stops a clutch-plate arrangement in the motor driving mechanism comes into 
play. This clutch arrangement then disengages the motor from the drive. 


The Generator Section of the Motor-Generator Type 74, 


593. When a misalignment voltage from the gyro control unit is applied 

to the grid of Y.1 in the amplifier unit, the current changes in V3 and Vi 
develop the unbalanced voltages which are applied to the split field 
windings of the motor section of the motor-generator. This unbalancing of 

the field causes motor rotation in the sense appropriate to remove the 
misalignment voltage. Should, for any reason, a large misalignment voltage 
exist when the scanner motor is switched on and the supply to the M.G, Type 

74. motor armature is completed, a large net field would exist. The motor 
would then experience a violet torque. Since the balance weight arrangements 
serve to provide a constant load, the motor would run at excessive speed. 

As the misalignment voltage fell, the motor would slow down due to the 

reduced field. To obtain smooth operation of the moving parts combined with 
a@ quiok initial response, we want some form of negative feedback applied to 

the grid of Vi whioh is proportional to motor speed. If the motor is at rest 
and the sircraft rolls to produce a misalignment voltage the speed of the 
motor armature begins from zero as it starta to pull on the moving platform. 
While overcoming the inertia of this mechanical load the speed is low and there 
is little negative feedback and hence a strong field. As the inertia is 
overcome and the pull on the motor is reduced, the amnature speed will not 
tend to reach excessive values if a negative back voltage is applied to V1 grid 
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which operates against this misalignment voltage to reduce the net motor 
field. By suitably arranging the mayuitude of this feedback voltage for 

& given speed of the motor armature, it will be possible to get smooth by 
rapid starting, a suitable maximum speed, and operation that is non-jerky. 
The requisite negative feedback is developed by the genérator section of the 


MG Type 7h. 
The Negative Feedback Circuit, 


594. The generator field is fed from the same 24V line as the motor 
armature. This field supply is therefore completed when the scanner motor 

is switched on. One end of the generator armature is earthed via the black 
lead to the upper Grelco strip. The other end is taxsen via the red lead to 
the lower Greico strip and thence via Pin 5 on the 12=way plain to J.B. Type 
21,6. In the Junction Box a cross-connection is made from Pin 5 of the 12- 
way plain to Pin 8 on the 12-way green which is connected by a screened lead 
to the grid of V1 in the amplifier unit. The feedback voltage is applied 
across R23 (220K)+ R2h (470K). The grid of Vi is tapped in at the junction 
of R23 and R2h. so receives about 2/3rda of the actual negative feedback voltage. 


595. The motor-generator leads, coded as shown in the Scanner Interconnection 
Diagram, are taken away in two bunches to the two 4-pin Greloo strips mounted 

at the fixed platfora. A Dumet cable brings the D.C. supply for the motor 
armature from the filter unit. 


The Vacuum Pump Assembly. 


596. This assembly will be necessary for carrying out D,I'a. A separate 
D.C, supply will be required for the D.C, pump motor and a suitable length of 
flexible piping to convey the vacuum to the gyro. 


597. Both pump and motor are of American manufacture, The motor is + hep., 
series wound, and takes 11 amps. The speed is 6600 r.p.m The pump is 
required to maintain a vacuum equivalent to 44" of meroury (i.e. about 4.2 lbs 
per square inch) at the gyro and for correct gyro operation. The pump intake 
is connected to the gyro by a regulating valve attached to the pump, then by 
Plexible pipe to the gyro. A gause filter is fitted at the intake. The main 


outlet point blows straight out. 


598. The vacuum pump motor also drives a second, smaller pum used to cool 
the motor. Air is drawn in and conveyed through a copper pipe to an inlet 
point at the motor commutator. The sir escapes at the other end of the motor 


through a gauze filter. 
Units Associated with the Roll-Stabilised Scanner 


Control Unit Type 477. 


599. This unit has. been mentioned in para. 588. Ita purpose is to provide 
the Navigator with a means of controlling scanner speed. It is mounted 

above the Navigator's head in the Lancaster installation. The unit houses 

a 12 ohm rheostat. Later models will use a 24 ohm rheostat. A knob on the 
front provides the control. LV. D.C. from the power unit is supplied to 

one 6B plug via the J.B. Type 246 where it energises the relay that completes 
the D.C, supply to the motor armature of the MG. Type 74. Cross~connections 
are made inside the control unit to a second 6B plug to insert the rheostat in 
the supply. From the second 6B the supply to the scanner is completed to the 
port buikhead panel and thence by 2~way cable to the plug mounted on top of 


the scanner motor. 


Control Unit Type 466 and Track Marker Facilities. 


600. In addition to heading marker contacts which serve to develop a 
positive pulse when the scanner goes through the dead-ahead position, a 
track marker contaot arrangement is provided in the Scanners Type 71 and 63. 
This contact can be brought into operation instead of the heading marker 
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contact when the switch on the Indicator 184 panel is set to the “Track" 

position. The contact itself is controlled by the Mcke14 bombsight. The 
flexible drive from the bombsight computor which conveys drift angle information 
to the bombsight head, is intercepted and used to drive a manual transmitter, 
similar to the cam arrangement in the H.C.U. This transmitter or cam arrangement 
4s in the control unit Type 468 which is attached to the bottom right hand of the 
Mkei4. bombsight. When the drift setting on the bombsight computor is altered 

the flexible drive operates the cams and switches the D.C. connections to a "track" 
repeater motor in the scanner, The resultant rotation of the repeater motor 
armature moves the track marker contact to operate the heading marker circuit 

on the receiver-timing unit when the scanner is displaced from the dead~shead 
position by the drift angle, The radial marker flashing up on the P,P.I. then 

‘ gives the bearing of the actual aircraft track instead of its heading. When the 
switoh on the imiicator 184 is set to “Course” the usual heading marker is 
developed as the scanner goes through the dead~ahead position. 


601. The armature of the "track" repester motor displaces the track merker 
contact by means of a suitable worm gear drive. 31° of drift corresponds to 

18 revolutions of the flexible drive shaft which operates the transmitter in 

the control unit Type 468 On initial installation a check must be mde that 
the “track" repeater rotates in the correct direction when the track marker is in 
use. This can be checked by comparing the way the radial marker on the P.P.I. | 
is displaced when the Indicator 18, switch is moved from the “course” to the 
"track" position, The magnitude and sense of the actual drift can be read on a 


calibrated scale on the bombsight head, 


The Control Unit Type L166 


602, ‘This is the heading control unit used in the H.2.8, Mark TIC ani Mark 
IIIA installations, ‘The panel shows a setting knob and a three-position switch, 
The switch positions are labelled ‘Auto", "Course" and "Track". When set to 
the "Course" position, the setting knob is used to operate a transmitter in the 
unit which switches the D.C. connections to the “Course” repeater motor in the 
scanner, The motor armature then drives the magslip stators through a suitable 
gear arrangement, To set the H.2.5 map, the bearing ring is set to the 
aircraft course, The indicator 18, and H.C.U. switches are set to "Course", 
The setting knob on the -H.C.U. is then operated, thereby moving the mgslip 
stators until the radial marker on the P.P.I. flashes up along the pointer on 
the bearing ring screen, If the H.C.U. switch is now set to "Auto", the D.R. 
compass transmitter is connected through to the "Course" repeater motor in the 
scammer, As the aircraft turns, the D.R. compass transmitter operates the © 
repeater motor to move the magslip stators through an angle equal in magnitude 
and opposite in sense to the aircraft rotation. The position of the radial 
marker on the P,?.1I. will now give the bearing of the airoraft heading as long 
as the Indicator 18, switch is left in the "Course" position, regardless of 
aircraft heading since the marker moves when the aircraft turns. 


603. When the switch on the H.C.U. is set to the "Track" position, the 
transmitter in the unit is connected through to the "Track" repeater motor in 

. the scanner which drives the track marker contact. If the switch on the 
Indicator 184 is set to the "Track" position and the windspeed indicator on the 
bombsight is set to zero (zero wini means zero drift angle), the track marker 
contact in the scammer can be aligned correctly by operating the setting knob 
on the H.C.U. until the radial mrker on the P,P,I, flashes along the bearing 
ring pointer, set to the aircraft course. The track contact will then be 


aligned with the course contact, 


60h. When the H.C.U. switch is set to "Auto" it simultaneously connects:- 


(a) The D.R. compass transmitter to the "Course" repeater motor in the 


scanner, | 
The transmitter in the control unit Type 468 to the "Track" repeater 


(b) 
moter which operates the track marker contact as the drift is 
computed by the bombsight. If the switch on the 
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indicator 18, is in the "Track" position the course contact 
in the scanner is taken out of circuit and the track contact 
brought into circuit. If the track contact hes been aligned 
with the course contact as discussed in para.603, the track 
- gontect is offset from the course contact by the drift angle 
and the radial marker on the P.P.I. is now a track marker 
suitable for use in bombing runs. With the H.C.U. and 
indicator 18) switches in the "Track" position, it should be 
possible to shift the track marker + or = 60° from the heading 
marker position. 


Mecharical Details of the Roll-Stabilised Scanner. 


605. The main casting has been altered in shape and reduced in size to 
facilitate mounting on the moving platform along with the gyro control unit 
and H,2.5 transmitter unit, 


606. The scanner driving motor is of a smaller type. The actual motor 
assembly is the same type as that used for blower motors in H.2.S. Mark ITI. 
The motor is attached to the main casting by means Of a flange and three 
bolts, The flange is part of the motor's outer casing. 


607. The motor speed is approximately 5000 r.p.m The current taken is 
about 0.7 amps. The drive to the scanner shaft is through an all-metal gear 
train with a step-down gear ratio of 134%: 1. No oiling holes are provided 
for the step-down gear bearings. 


608. The scanner main bearing is of a new type which does not normally 
require any maintenance. It consists of a grease packed ball race mounted 
on a plate. The plate in turn is bolted to the interior of the casting. 
The rotating member of the capacity joint runs in en "Oilite” bearing. 


609. The usual 1:1 drive to the magslip rotor is used, 


610. The incorporation of track marker facilities has necessitated, not only 
the addition of a track marker contact arrengement, but a departure from the 
heading or course marker arrangements employed in the earlier H.2.S. scanners. 
A filet metal annular contact ring is mounted on a paxolin dise wiich in turn 
is placed on top of the magslip rotor driving gear wheel. The ring has a 
width of about =". At one point in ita inner circumference it has a 
projection towards the centre about sn long and 3" wide. This projection 
we shall call the shorting contact. The ring of which this contact forms 
@ pert we shall call the contact ring. 


611. Mounted above the contact ring by means of a bracket are two metal 
spring contacts. The outer of these is incontinuous contact with the 

contact ring and is returned to earth. The inner one, which we shall call 
the course marker contact, is returned to the "Course" side of the "Course 
frack" switch on the Indicator 18. When the scanner passes through the 
dead-ahead position the contact ring will be in such a position that the short- 
ing contact touches both spring contacts simultaneously. R465 in the 
receiver-timing unit is then earthed through the shorting contact and the 
earthed spring contact. The suppressor of the receiver output valve is then 
carried down to develop the heading or course marker. Although the shorting 
contact has a width of only 3", R,469 is earthed for a sufficiently long 
interval to discharge C.422 in the receiver-timing unit and so carry down the 
suppressor of the receiver output valve to the requisite level to ensure a 
marker of adequate duration. As the suppressor of the receiver output valve 
is thus carried down each time the scanner goes through the dead-ehead position, 
the marker flashes up once per scanner revolution. 


612. In order that the marker may appear at the bearing of the aircraft 
course, it is necessary that the appropriate coupling occur between the 
magslip rotor and stators at the instant the scanner goes through the dead-= 
ahead position. To have the heading marker appear on the P.P,I. display 

as the scanner goes through the dead-shead position it 1s necessary to take the 
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usual precautions with regard to:- 


a) Mounting of the mirror on the casting. 
b) Contact alignment. 

c) Direction of rotation of repeater motor armature. 

613. The phasing between the paxolin dise and the magslip rotor driving 
gear can be adjusted by loosening the 3 bolts securing these two items to 
the magslip rotor. The paxolin disc can then be rotated relative to the 
driving gear to obtain the heading marker at the correct time. 


614. For the development of a track marker the same contact ring, shorting 
contact, and earthed spring contact are employed, An extra moveable spring 
contact is added which we shall call the track marker contact. This track 
marker contact is returned to the "Track" side of the switch on the Indicator 
184. The contact is mounted above the fibre gear wheel to which the contect 
ring is mounted above the fibre gear wheel to which the contact ring is 
attached, It is swivelled on a bearing whose centre coincides with that of 
the gear wheel end contact ring. The contact has an arm extending back from 
this bearing. This arm engages a slotted bush. The bush, in turn, tracks 
up and down a worm driving rod. This red is geared to the track repeater 
motor which is operated by the transmitter in the control unit Type 468 from 
the flexible drive from the Mk.14 bombsight. As the drift is set on the 
bombsight, the flexible drive operates the transmitter in control unit Type 1,68. 
The track motor armature is displaced accordingly and moves the worm driving 
rod to rotete the track marker contact about its bearing. At some point in 
the scanner's rotation the shorting contact will connect the track marker 
contact to the contact ring and therefore to earth through the ring and the 
earthed spring contact. At what point in the scanner's rotation this occurs 
depends entirely upon the setting of the moveable track marker contact. If 
this contact is suitably set the shorting contact will meet it at such a point 
that the marker then developed will be displaced from the position of the 
course marker by the drift angle. We thus obtain a track marker instead of a 
course marker, ‘To align this contact properly the H.C.U. and Indicator 18) 
switches must be set to "frack" and the bombsight must be set for zero drift. 
By operating the setting knob on the H,C,U, the cams in that unit displace the, 
track repeater motor armature and hence the track motor contact. The contact 
then rotates around its bearing and the marker appearing on the P.P.I. will 
rotate. It can thus be adjusted to coincide with the pointer on the bearing 
ring, when the latter is set to the aircraft course, The marker will now 
appear at the same position on the P.P.1. regardless of the position of the 


indicator switch. This means the track marker contact is met by the shorting 
_eontact at the same instant as the course marker contact. Since we have 


assumed zero Grift this is what is required. When the H.C.U. switch goes into 
"Auto", the track marker repeater motor is connected to the transmitter in the 
Control Unit Type 46& Any drift setting now made on the bombsight displaces 
the track marker contact through the drift angle. In order that the sense of 
this displacement may be correct the repeater motor must turn in the correct 
direction. The range of adjusthent available allows the shorting contact to 


meet the track marker contact 60° before or after meeting the course marker 


contact. 


615. The two M-type reveater motors are of the same type. They differ 
only from the one used in the earlier scanners in having the field connections 


brought out to terminals at the top of the motor outer casing. 


616, The track repeater motor is attached to the side of the main casting. 


617. The magslip and course repeater motors are mounted on a sub-panel 


attached to the main casting by three bolts. 


618. All cabling, with the exception of the course, track and common earth 


return contact connections runs external to the main casting. Connections are 
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made between the components concermed through a small junction box attached 
to the side of the main casting. This junction box contains: - 


(a) One 4eway carrying the sawtooth outputs from the magslip 
stators. . 

(b) One 6-way carrying the sawtooth input to the magslip rotor 
from the W.F.G. and carrying the track or course marker 
connections back. 

(c) One 6-way coded violet oarrying the D.C, lines for the repeater’ 
motor fields from the H.C.U, 


619. The scanner motor supply goes directly to a 2=pin W plug mounted on the 
end of the motor casing. 


620. The mirror is bolted into 4 plate instead of the wedge used in earlier 
scanners. This plate is secured to the main bearing. , 


621. To maintain a reasonable temperature in the cupola for the scanner 
and platform bearings, a heating unit is mounted on a bracket at the aft end 
of the platform. This unit consists of three heater elements wired in 
parallel ani connected to the heater switch on the port side of the aircraft. 
The heater supply is taken direct from the airoraft D.C, supplies. 


622, A spirit level is mounted on the scanner to facilitate the lining-up 
of the gyro. 


The Capacity Joint for the Scanner Type 63. 


623. The arrangement for holding the rotating member of the capacity joint 
has been altered from that used in the Type 3:scanner. Attached to the 
rotating member of the main bearing is a tube with an internal diameter equal 
to the external diameter of the rotating member of the capacity joint. This 
tube is spproximately 8 - 9" long, extending right through the main casting 
into the lower half of the casting which can be split as before, for dismant1: 
and adjuatment purposes. The end of the tube which protrudes when this lowe) 
half of the cesting has been removed, is segmented into six tapered sections. 
A tapered looking nut screws over this end, thus holding the rotating member 
of the joint central and rigid, | 

‘The joint is so set up as to leave 1%" between the end of the segmented tube 
and the end of the joint. A gasket is fitted between the main casting and 
the removable part of the casting which holds the stationary part of the 
joint. This removeable section is held in position by three readily 
accessible bolts. An improved clamping band has been incorporated to hold 
the stationary member of the rotating joint securely. 


62. The Type 71 scanner used a tubular feeder of the waveguide type from 
the H.P. box to the scanner. A rotating waveguide joint is used inside the 
soanner instead of the coarial type of capacity joint. 


Summary of Main Items Associated with Scanner Type tie 


625. Scanner Type 71 10AB/ 6454, 
Comprises:= 

Magslip 40AB/2278 

Driving Motor 10KB/1552 

M-Motora (2) 50/27 2h. 

fubular feeder, Type 72 10aB/6373 

Stabilised Platform 40AB/6522 


Requires adaptor frame for holding platform to airframe: =- 
+8 for Halifax 10AB/ 6523 
b) for Lancaster 10AB/6524, 
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Conprises in addition to the structural assembly: - 


626, 
a) Motor-Generator Type 74 10KB/ 954. 
b) Resiatance Unit Type 4221. 100 /15512 
Suppressor Unit for MG, 74 5c /1002 
a) Suppressor Unit & connector 
for scanner motor 10H /7540 
(e) Fixing bracket for tray 
that holds HF box 10AB/6579 
627. Units fixed to moving platforn:- 
(a) Scanner Type 71 10AB/ 64.54. 
: Gyro Control Unit Type 453 1038/6074 
Cc) HF Box, TR.3555 or 3523 
628. Units mounted on fixed platforn:- 
°} J unction Box Type 246 10AB/ 2497 
b) Connector set from bulkhead panela § 10H /16060 
629. Vaouum Pump Assembly for D.I's. only comprising 
a) Pump Motor 1375/2725 
b) Vacuum pumps 
c) Relief Valve 1373/5017 
a) Pipe flexible 32c /2i4 
| 320 /21h, 
e) Plug 5X/568 
f) Suppressor Unit 51/870 
&) Relay 50/723 
h) Terminal Block 50/483 
630. Control Unit 477 401B/6102 
Provides control of scanner speed, 
631. Control Unit 458 10LB/6091 


Carries transmitter operated from bombsight for automatic control 
of track marker contact in scanner. 


632. Amplifier Unit A. 3562 10UB/60),1 

Auplifies misalignment voltage received from gyro control unit to 
operate motor generator type 74 and drive the platforn. 
6336 Control Unit Type 446 1013/6053 
Heading control unit. 


63h Scanner Heating Unit 
To keep temperature in cupola from falling so low that scanner 
Slowa down and response of moving platform becomes sluggish. 
635. Junction Box Type 247 1048/6499 
Used only in prototype installation. 


Bulkhead Panels. 


636 Two bulkhead distribution panels are fitted to the fixed frame to 
provide greater freedom of movement and to facilitate dismantling and 
assembling. One of these, mounted at the aft end of the platform, is 
referred to as the aft bulkhead panel on the Scanner Interconnection Diagram, 
The other bulkhead panel is mounted on the port side at the front of the 
fixed platform, This one is termed the port bulkhead panel on the 

Interconnection Diagram, 
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637. The aft bulkhead panel splits the following cables to the H.2.5S, 
trensmitter unit:- 


% i2—way from the JB. 231 to the H.2.S transmitter. 

b) The L-way from the tuning unit Type 4/4. 

sc) The uniplug pulse lead fron the modulator Type 64 to the 
H.2.5. transmitter. 

(4) The Pye green signal lead from the H.2.S. transmitter to the 


receiver. 
(e) The vacuum line for the gyro control unit. 


638. The port bulkhead panel carries the JB. 246; it also splits the 
following leads going to the scanner:~ 


6-way violet from 4.C.U, to scanner. 

6-way plain from W.F.G. to scanner. 

L=way sawtooth output from magslip stators to JB. 222, 

6-way from control unit Type 477; Pin 1 goes to Pin 1 and 
Pin 4& to Pin 2 of a small 2-way which takes 24V. to 


the scanner motor. 


ROM Pp 


639. The 12-way from the aft bulkhead panel to the H.2.S transmitter is of 
a special type. All leads are crossed in the cable. This is mecessary as 
both leads are detachable from the bulkhead panel. 


Provision for Fitting Scanners e 63 or 71 Without Stabilised Platforn. 


640. If scanners Type 65 or 71 are installed without the stabilised 
platform mounting frames will be required:- 


In Lancaster 10A4B/6577 
In Halifax 410AB/6578 


641. The only significent differences in the tabulation of items if the 
scanner Type 63 is considered instead of the Type 71 are as follows:- 


fe For scanner Type 71 we have Type 63 1048/6343 

b) The scanner uses:= 

. A Internal H.P, feeder, Type 1859 10H/6598 
(ii) External H.P. feeder, Type 4770 10HA/128 

‘33 Fixing bracket for T2R tray 1048/6578 

a) Connector set from bulkhead panels 40H /16059 


General Installation Points. 





Gyro Control Unit. 


642. (a) This is a very delicate instrument. When handled or transported, 
care must be taken to ensure that the locking screw is in 
position. | 

(b) On installation check that the cardboard cover over the air 


intake gauze filter is removed. 
(c) Ensure that the blanking-off screws for alternative outlets are 


in position and secure. 

(ad) Check that the small screw which replaces the locking screw is 
in position and secure. 

2 Check thet the clamping screws are holding the unit fimnly. 

f) Check that the rabber mounting is all right. 

g) Check that the intake filter on the Gyro is of the fabric 


type and not the papier mache type. 


643. The gyro takes at least 2 minutes to build up and settle down to a 
steady speed. 


644. The vacuum at the Gyro must be between 3" to 5" as indicated on 4 
suction meter, Stores Ref. 64/757. To check this the suoticn meter will 
have to be connected into the Gyro by means of a flexible pipe and a spécial 
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union to fit into one of the blanking off screw points at the rear of the gyro, 


645. As the gyro in the aircraft installation is supplied by one of the 
engins-driven pumps, this cannot be checked on DI. The vacuum lins in the 
aircraft will have a permanent suction meter installed, Should there be a 
leak in a pipe block or the line to the gyro, this will be indicated on the 
permanent meter. The instrument people will be responsible for maintaining 
the vacuum to the gyro. ‘ 


6466 To facilitate D.I., a change over valve and an intaxe point for an 
external pump will be fitted to the aircraft skin at a point of easy access, 
The vacuum line from the portable vacuum pump will have to be connected to 
this point and the stop tap turned to the external position. It is suggested 
that a suction meter be fitted permanently in the portable vacuum line supply 
at some point so that it can readily be checked that the gyro supply is within 
the required limits. With the regulating valve in the vacuum circuit using 
a flexible 20 ft. hose no difficulty should be experienced in maintaining the 
suction of 4". The following figures are quoted for general guidance for the 
Vacuum pump assenbly:- 


(a) Suction obtained on a closed circuit without the regulating valve 
in, 20" 

(b) Suction obtained with 1 gyro in circuit without the regulating 
valve in, 9". 

(c) Suation obtained with 1 gyro at the end of 20' line with regulating 
valve in and measured at the gyro end, }". 

(d) Amount of variation by adjusting the regulating valve 
Adjustment was approximately =" of suction. 


647. Gyro servicing will be the responsibility of the instrument section, 


Course and Track Repeater Motors. 


648. On initial installation in aircraft these repeater motors will have 
to be checked for correct direction. The heading marker can be checked 
againnt a D.R. compass repeater card with the aid of the V.5.C. Should the 
heading marker move the Wrong way a cure can be effected by changing over two 
of the course repeater motor field leads on the terminal strip on top of the 
repeater motor on the scanner. Access to this terminal strip can be obtained 
by loosening the "Jubilee" clip and removing the top cover on the repeater 
motor. On initial fitting all units involved should be checked for correct 
Wiring and suitably modified if the wiring is incorrect. It is only in this 
way the operational difficulties can be avoided. Changing over the repeater 
motor leads to clear another fault should only be a temporary expedient. 

6 

649. Checking the track repeater motor can only be done in the aix, The 
angle of port or starboard drift indicated by the track marker, io difference 
between track and heading markera, can be checked against the calibrated scale 
on the bombsight. Should the direction of rotation be wrong, change over in 
the same manner as outlined for the course repeater motor, as a temporary 
measure if no time is available to sorrect the wiring. The wiring should be 
standardised on fitting, and at the earliest opportunity after difficulty is 
encountered due to the subsequent inclusion of units with nomstaniard wirirg. 


Motor-Generator | e [he 


650. On installation the motor may drive in the wrong direction or the 
feedback voltage from the generator may be positive instead of negative. 
All leads of the M.G are colour-coded as shown in the insert on the Scanner 


Intercomnection Diagram, figelll 
651. The following information was obtained by carrying out tests and should 


hold good provided that mamfacturers maintain the same internal wiring. 
Motor Field Motor Arm Generator Field. Generator Arm, Motion viewed . 
Brow White Red Black Green Yellow Black Red 


W0l e Green Ye Black Red ‘looking at gener 
ator end of MG. 74 
Equiv. to standing 
aft of platform 


VION + - CLockwise 
V4. ON + + = = + Anticlockwise. 


+ 
3 
+ 
5 
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652, The platform moves the opposite way to the MG./74 rotation, If the 
aircraft banka to port the misaligmment voltage is positive and when it banks 


to starboard, the voltage is negative. 


The Platform Assembly. 


653. (a) The platform assaubly is attached to an adaptor freme with 6 
boltse The adaptor frame is bolted to the airfreme: 
(b) Care must be exercised in transporting as rough usage will 
result in broken rivets. A stop is provided to keep the 
moving platform rigid during transportation, 


Rubber Mountings. 


654e <All the rubber mountings require checking on installation and 
inspectionse | 


Assenbling and Dismantling. 


655e The easiest method of assembly is to mount the scamner on the platform 
in the aireraft ami then bolt the platform to the adaptor frame. The scanner 
must be mounted on the platform before bolting the piatfom to the adaptor 
frame. If the scanner requires changing, the platform must first be released 
from the adaptor frame. 


Dele Procedures 


General Points. 


656¢ A vacuum pump assembly will be required to carry out DI‘'a. to supply 

the gyro control umit AD.C. supply of 2} Ve at approximately 12 ama will 
be required to drive the motor. Owing to the heavy starting ourrent this 
supply will have to be fuzed with a 40 amp. rating fuse. A suitable length of 
flexible piping will be required to convey the vacuum line to the intake point 
on the airoreft skine A suction meter should be tapped in at some point, 
preferably at the end of the flexible pipe, to check that the suction is vetween 


3am 5*. 


657. This DI. should be carried out after the normal 2S Dele This gives 
the amplifier unit time to settle down, 


De Te Routine. 


658 After doing the normal %2.S- Dele, switch on the vacuum pump and give the 
gyro two mimtes to settle dowm ‘Then remove the 2-pin red from the JB, 2hbe ° 
This renoves the armature supply from the MG. 7h | 


659. Insert a jack connected to a voltmeter, set to at least 250V. rame. 
Press the earthing switch, The reading obtained may be either + or =. Adjust 
the "balance" preset from sero voltse A fine adjustment can be obtained by 
decreasing the voltmeter rangee Remove the jack lead, 


660. Set the moving platform level by observing the spirit level, Switch 
on the scamner at the switch unit 


661. Replace the 2pin red at the JBe246 ani note if the platform moves. 
Movement may be caused by misalignment of gyro. If movement occurs the gyro 
will have to be re~alignede This can be achieved by loosening the 4 bolts 
securing the gyro. mall variations in either direction can then be achieved 


on the elongated fixing holese 


662, Remove the 2-pin red again and push the platfom over to the 30° eni 
stop limit in one direction Replace the 2=pin red and check that the platform 


inmediately returns to the level position, Repeat the procedure with the 
platform pushed to the opposite end stop. 


663. Remove the 2-pin red to the JB. 246 and offset the platfom Y° es near 


as cen be estimated. Replace the 2-pin red. and check that the platform 
levels immediately. Repeat this check in the opposite direction 


66h4e With everything working force the platfom over first in one direction 
ani then in the other against the motor driving force and check that the clutch 
slips inmediately. 

665 Remove the external vacmm supply and turn the valve to the internal 
positions 

666. Check all cables are secure and do not foul at any point during platform 
movement. 
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CHAPTER 10 ~ PISHPOND 


mere a me te cl ccs te i GR ey SL 


Punction of Fishpond. 


667. The function of Pishpomi is to provide aircrew with a visual indication on 
& PePele display of aircraft within a range of 4 - 5 miles. The equipment 
involved is an iniicator 182 or 1824, a junction box, type 222, and the necessary 
cables to link these two items into the 2S. installation. The Fishpoml 
indications are derived from reflections by adjacent aircraft of the aircraft's 
He2eSe transmission, The nommel He2.S. equipment converts these aircraft 
reflections into signals which are used to intensity-modulate the Fishpond P.ePele 


668 If we imagine a henisphere with the Fishpond aircraft at its centre and 
radius equal to the aircraft height, we have the region within which. another 
aircraft should be detected down to a minimum range of 400 = 600 yards, 


669. A detected aircraft will give an indication on the Fishpond display in 
the form of an arce When a push button on the front panel is pressed marker 
rings appear on the display to imlicate ranges of 0, 1, 2, 3, 4& and perhaps 5 
miles. The position of an aircraft relative to the marker rings will give 
the rangee The position relative to the heading marker, which appears on the 
Fishpond display as well as on the 2S P.P.I, display will give an approximate 
idea of bearing. Elevation cannot be displayed but some idea of the elevation 
may be obtained by putting the Fishpond aircraft into a steep bank and noting 
the movement of the intdication relative to the heading marker By observing 
whether or not the indication alters its course s0 as to follow the Pishpond 
aircraft when evasive action is taken, ea detected aircraft can be identified as 


hostile or friendly. 


Outline of Fishpond, 


670. The sawtooth outputs from the magslip are applied to two cathode~coupled 
amplifier stages somewhat similar to the stages used to develop the indicator 
184 timebasee The gain of these amplifiers is automatically adjusted as the 
setting of the scan-marker switch is varied to develop a display on which the 
distance from centre to circumference always represents about 5 miles regardless 
of the velocity of the input sawtooth from the magslip. The reflections of the 
He 2eSe pulses from aircraft appear as positive-going pulses in the mixed output 

at the black Pye plug on the W.¥.G. A double outout at this plug makes it 
possible to feed this mixed output, including the bright-up square wave, to both 
the video amplifier in the iniicator 184 and a similar signal amplifier stage in 
the Fishpond indicator. As the FPishponi scan only covers a rarge of up to_ about 
5 miles, the only indications for aircraft at operational heights of 33 - 4g miles 
will be echoes from other aircraft and a ground return ring around the edge of the 
display. The radius of this ground return ring will be equal to the aircraft 
height. Indications from aircraft at ranges greater than the aircraft height 
wili tend to be lost in the ground return ringe The useful maximum range of 
Fishpond will then be governed by the height at which the aircraft flies. 


671. Since the signal input to Pishpond is the same as that applied to the 
H,2.Se indicator, it includes the heading marker which moves around the Fishpond 
Gisplay as the aircraft alters course just as on the H.2,A, display. The 
Pishpond operator must be able to visualise immediately the approximate bearing 
of a detected aircraft relative to his own aircraft from the position of the 
indication are relative to the heading marker, regardless of the position of the 


heading marker on the display. 


672. Included in the Fishpond unit is a calibrator circuit which the operator 
can bring into operation by pressing the push-button switch on the front of the 
Fishpond panel. When this button is pressed the 20 microsecomi pulse from one 
of the violet Pye plus on the modulator is used to trigger on its back edge a 
circuit which rings at a frequency of 93 Ke/s. The positive peaks then ocour at 


_ fmtervals of 10.75 microseconds which represent the echo time for a target at 
lL mile rangee ‘The positive peaks are converted into rather wide negative 
pips which are applied to the Fishpond PePeIe cathode to produce marker ring 
on the display at intervals of 0, 1, 2, 3, 4 and 5 miles. From the positio 
of an aircraft infication relative to these rings the operator can instantly 
see the approximate range. | 


673. (a) Cineuit details of the Fishpond indicator, type 1824, are shown 
in figell6. (Differences between the indicator 182 ani 1824 
are tabulated in pareas,699). | 

el Canponent layouts are given in fig.117 
c). Waveforms are displayed in fig. 119 
d) The relation of Fishpond and its junstion bax to the complete 
installation is shown in figs.15 and 1h 
(e) The junction box ami the supply channels are shown on the 
Fishpond Girit diagrems, fige.210 and 21iL 
674e The Pishpond timebase is developed from the magslip output by the two 
cathode-coupled paraphase amplifiers, Vel, Ve2 and Ve5, Vou in fige 116. 
Reference to the circuit diagrem will show the following points which we shall 
use in our discussion;:= 


(a) The amplifier circuits are symmetrical but provision is made 
for varying the DG. level of V2 grid relative to that of 
Vel with 280, and for varying the potential of V.4 grid with 
regard to thet of V.3 with R. 79 oo 

.(b) The cathodes of each amplifier pair are strapped through preset 
potentioneters. Three are available in each stage. As the scar 
marker switch is set for the different scans, these presets are 
switched by relays operating in synehronian with the relays in the 
W.%.G which switch the master multivibrator and sawtooth switchin 
valve component se 

(c) The inputs to the two pairs are the outputs of the two magelip 
statorse The output of one stator is applied to the grids of 
Vel and ¥p2 from pins 4 and 1 of the 4-way from the junction box 
222, The output of the other stater is applied to the grids of 
Ve 3 and Ve4 from pins 1 and 3 of the same 4rwaye As the input 
pins are tied to earth through the leaks R 8, Rel3, R18 and R28, 
the stators are effectively centre-tapped so the grids of each 
pair will always swing in antiphase to develop 4 push-pull output. 
One such push-pull output is AC. coupled to the X=-platesand the 
other to the Y-plates. Since the magslip stator outputs are 
always 90° out of phase, these push-pull outputs are also 90° out 
of phase. Since we have push-pull outputs across the X and Y= 
plates which rise and fall 90° out of phase as the scanner turns, 
we will obtain a rotating timebase as in He2eSe 


(4) One X and one Y=plate are returned to a fixed positive potential 
et the junction of R46 ani R47 between +300V. and earth. The 
other plates in each pair are returned to a potential variable by 
the presets R.38 ani R40. These presets can then serve as shift 


controle. 


675 The Fishpond Markers are developed by Ve6 and Ve/. When the push= 
button switch, Sel, on the Fishpond panel is depressed the 20 microsecond 
pulse from the modulator makes the 93 Ke/s tuned cirouit in Ve6 anode ring on 
its back edgee These rings back=-bias ¥Y.7 with grid current so only carry 
Ve7 into conduction on the peaks. Negative pips at 10.7 microseconds | 
intervals, with the first occurring on the back edge of the 20 microsecoml 
pulse, are applied to the PePele cathode via G2L, These pips will appear on 
each timebase sweep to produce circular marker ringse How many will appear 
on the display depends on how long it takes the CeReTe spot to travel across 
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the screem If the velocity is correct, there will be 4, 5 - 6 pips to 
provide 0, 1, 2, 3, 4, and 5 mile range markers on each scan. 


676. Vo5 is the Fishpond signal amplifier. The input of the black Pye 
plug is applied to V.5 cathode through ¢.8 grid amd reappears at Ve5 anode and 
the PePoIe grid as a positive-going signal, 52 provides a measure of gain 
control, The input is the seme as that applied to the video amplifier in the 
indicator 184 so includes an amount of bright-up waveform which depends on the 
setting of the contrast control, 


The Fishpond Timebase Control Requirements. 


677e The sawtooth inputs to the amplifier pairs will be of approximately 
constant amplitudes of the order 20 = 25¥. The working strokes will be 240, 

720 and 1200 microseconds respectively when the scammarker switch is set for 10, 
20 and 40 mile P.P.I, 2S scans. We want the Fishponl scan to sweep from 
cenire to circumference in about 5 x 10.7 or 53.5 microseconds regardless of 

the setting of the scammarker switch Since the trananitter fires at about 
the centre of the master sawtooth, this 53.5 microseconds must correspond to the 
first part of the second half of the master sawtooth As we have no phantastron 
triggering arrangenent to start the scan from the tube centre we must use a 
diametral scan on Fishpond which will carry the spot across the screen in around 
107 microseconds on each scam When the input sawtooth is at the midpoint 
Fishpond scan must be at the tube centre. The Fishpond sawtooth mist, however 
have a sufficiently great velocity to carry the scan completely across the tube 
face in about 107 microseconis. It must therefore start some time after the 
input starts and terminate before it ends. This is equivalent to saying that 
we are merely taking the central section of the input sawtooth on the grid and 
emplifying it up to the required amplitude... In the case of the 10 mile scan. 
the input has a working stroke of 240 microseconds and, say, a 25V.e amplitude 
If wo take out the central 107 microseconds this represents a useful grid swing 
of 107 x 25 or about 11 volts. If we consider the next scan with a working 


‘stroke of 720 ae the central 107 microsecomis represents a useful 
grid swing of oh x 25 or about 3.5 volts. For the slowest scan, with a 
working stroke of 1200 microseoomis, the useful grid swing mist be os x 25 


or about 2.25 volis. In each case these useful swings must give the same 
emplitude at the anode. Since we are developing a push-pull output this 
will have to be half the voltage required for a deflection across the tube face. 
With useful swings at the grids of about 11, 3.5 and 2.25 volts and equal 
emplitude outputs, we must have gains in the ratio of 1:3:5 for the different 
sawtooth inputs. Furthermore, these changes in gain must be brought about 
automatically as the scanemarker switch is changeds To meet this requirement 
we have the three negative feedback control preset potentiometers strapping 
the cathodes of each amplifier pair. These presets are switched as the 
setting of the scan-marker is varied. They can be preset individually to 
provide the correct gainse 


678 Since the timebase amplitude is the vector sum of the instantaneous 
euplitudes across the X and Y plates, the amplitude can remain constant around 
the tube face only if the maximm X and Y amplitudes are effectively equal, 
ieGe, cause the same displacenent of the electron beam The actual emplitudes 
will mot be quite equal as the deflection sensitivities of the two pairs of 
plates are slightly different. This means that a constant amplitude scan 
around the tube face calls for suitable balancing of the push-pull outputs 
of the two amplifier pairs. This requirement can be fulfilled by suitably 
adjusting the cathode presets in each enplifter pair on each scan. If the 
display shows the 0, 1, 2, 35, & ani 5 mile marker rings, the gains of the 
euplifier pairs must be approximately correct. If the markers are not 
circular, the push=pull amplitudes are not correctly balanced, It is then 
necessary to make adjustments to the appropriate pair of presets until the 
individual emplitudes are both correct and balanced as indicated by the 
presence of the correct mmber of markers with a circular shape. 
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679. So far we have assimed that we have perfect push-pull outputs from 

each amplifier pair. If this condition is fulfilled the voltage across each 
peir of deflecting plates will be balanced about the tube centre and the 
timebase will then revolve about the tube centre. If, however, the two 
valves in either pair develop unequal amplitudes, the deflecting voltage across 
the pair of plates will not be balanced about. the tube-centre but about some 
other point. The scan will, then, not rotate about the tube centre and may 
result in odd marker shapes depending on the degree of unbalance, whether 
present in both pairs, and whether combined with unbalanced overall amplitudes 
from the two pairse We thus have the further requirement of a means of 
balancing the output amplitudes from the two valves in each amplifier pair 
This requirement is met in the indicator 182A by the incorporation of the 
presets R79 and R280. These controls vary the grid potential, and hence the 
gain, of one valve in the pair relative to the gain of its mate. In the 
indicator 182 valve matching is the only answer to this problen 


680. We have assumed that if we have balanced the outputs from the two 
valves in each pair the scan will revolve about the tube centre, This assumption 
presupposes that the GRT. spot is centred when there is no sawtooth input. 
This may not be the case if any deformation is present in the electrode 
structuree We have then a further requirement for shift controls to centre 

the GR 1. spot when there is no input This requirement is met by the 
inelusion of the shift controls R38 and R40. In practice it is perhaps 
more satisfactory to apply the sawtooth input and turn the scanner until, say, 
a vertical scan appearss If it does mt pass through the tube centre, the 
H shift can be adjusted to bring it through the centre. By turning the 
scammer until a horizontal scan is obtained the shift can be set up in the 


seme Waye 


681. The focus and brilliance controls, Re49 and R52 perform their normal 
functions. 


Fishpom B ht-~ Requirements. 


682, While we want a scan that maintains a constant range coverage of 

about 5 miles regardless of the scan in use on the H.2.S. displays, we do not 
want the actual scan to show. We want only the target indications which are 
applied as positive pulses to the PePeIe grid to cause brightening up of the 
Fishpond display. These indications can only appear efter the transnitter 
fires which will be when the Fishpond scan is about a 3" beyond the tube centre 
on the 50 mile scam The 10 mile and 30 mile zeros can be used to adjust the 
transmitter timing to make the transmitter fire at about the same point on 
the other scanse This means that we have a useful radial scan which begins 
about #" from the tube centre and extends to the tube ciroumfereme. Our 
scanning sawtooth carries the C.RT. spot through the centre along a tube 
diameter on the working stroke and the flyback carries it back agaim It 
becomes necessary then to have a bright-up waveform which will permit signals 
to brighten up only the portion of the scan between about 4" from the tube 
centre ami the tube circumference. The flyback and the first half of the 
sweep must be prevented from breaking through by feeding to Fishpond the out- 
put from the black Pye plug on the receiver-timing unit which hag the target 
indications ami markers superimposed on the WeF.G bright-up waveform If 
the switch unit and WeFeG. bright-up controls are adjusted to start the Pish- 
pond bright-up about 3" from the tube centre on all scans, and the contrast 
control is set to pass an adequate bright-up waveform to Fishpond, the time=- 
base bright-up requirements can be fulfilled. 


683. The control, R32, enables the Fishpond operator to have a measure of 
control over the gein of his signal amplifier as arranged at present. 


68ke The Fishpond brilliance and gain controls are variable controls on the 
Fishpond panel. The focus control is a preset on the panel, The balance . 
potentiometers, shifts, and cathode presets are mounted inside the units. 
The narker pushebutton switch also appears on the panel. The position of 
all these controls is shown on the layout diagrams in fige 117. 


How the Fishpond Controls are Set Up to Pulfil their Punctions 


Focus 


685e With He2S contrast well anti-clockwise to prevent any bright-up being 
passed by ¥.508, turn up Pishpond brilliance until a diametral scan just appears 
ana adjust the Fishpond focus to give the sharpest possible scam 


HeShift (R40) and Y-Shift (R38). 


686. Note bearing of heading marker on the Hp 2S. and Fishpond PPI, 's. 
If they do mot correspoml, rotate the Fishpond tube in its base to obtain 
correspondence. Set the scanner for a vertical scan on Fishpond If it does 
not pass through the centre, adjust the H-shift j§ Set scanner for a horizontal 
scam If it does not pass through the centre use the Veshift to make the 


necessary adjustments. 


The Balance Presets, R79 and Rp 8. 


687. These controls must be adjusted to get the scan rotating about the tube 
centre. This is done by setting the scammarker switch to the 100/40 position 
and setting the scanner in motion, If unbalance is present the Mshponid scan 
rotates about a sloppy bearing. If the swing of the inner end of the scan is 
elliptical, the major axis of the ellipse is across the most badly unbalanced 
pair. If the swing is circular, the unbalance is approximately equal in the two 
pairs. The balance presets must be adjusted to get a scan rotating about the 
centres The shift adjustments must have been made first If the range of 
adjustment on the balance presets is inadequate, a fauit should be suspected 

in the values of the anode or cathode loads, or in the valve enissions. In the 
ease of the indicator 182, valve matching is necessary as the balame presets 
are not incorporated in the sete Perfect balancing may not be obtainable on 
the 50 mile scan because of the high gain, but the balance should be good enough 
to keep the scan centre reasonably stationary on the 30 mile input and quite 
stable on the 10 mile input. 


688 The cathode presets control the gain and thus effectively become range 
controls and so determine how many markers can appear on the display. The 
relative gain of the two amplifiers determines whether or not the markers are 


circular, 


689. The 2S contrast control determines how much bright—up square wave 
reaches Fishpond 


690. The WeFeGe and switch unit bright-up controls determine at which point 
on the sawtooth, and hence at what point on the Pishpond scan, the bright-up 


waveform COMMERCE Me 


691. The Fishpond zero aaa always forms on the back edge of the 20 micro= 
second pulsee Where this occurs on the sawtooth is fixed on the 50 mile input 
It will be about 3" from the centre on a nomal Pishpond scan As the 20 
microsecomd pulse moves on the sawtooth with the 30 mile zero on the 30 mile 
input to Fishpond, and with the 10 mile. zero on the 10 mile input, these controls 
can be used to make the zero marker come up at about the same distance from the 
tube centre when the three scans have the same range coverage. What we then 
wish to achieve with these controis is the following:- . 


(a) Contrast - Set to pass enough bright-up so that only indications 
nd maxkers brighten up the display and the full scan 
' ds actually blacked out, 
(b) Bright-up Controls = Set to start the bright-up about a half 
t e centre on all scans when they have the 
correct range coverage. The requirement is actually that the 
bright=-up commences early enough on the 50 mile scan to brighten 
up the zeromarkerand that the starting point reneins sensibly 
constant on the three scans. 


(0)(4), Mile Zero = Set to bring the zero marker up about 4" fron 
centre for the 30 mile input, iee, at about the same point 


(ii) 10 Mile Zero - To bring the zero marker up about zs 
from the centre for the 10 mile input 
These adjustments ensure that the display renains sensibly 
constant as scans are changed on HeceSe | | 
(ad) The e Presets. Set to fulfil the two conditions:- 

(i) The correct range coverage of about 4-5 miles on each 
scan, This is indicated by the mmber of marker rings 
appearinge 

(44) Circular markers. This involves correct adjustment of 
the relative output amplitudes of the two amplifier pairse 


692, The setting up sequence for these controls can be best carried out 
in the following steps:~ 


He 2eSe Contrast. 


a) Set H2.S gain, brilliance am contrast fully anticlockwisee 
te Bring brilliance clockwise to show He 2eSe flyback scan and 
then turn back about 4 notches from the point where the scan 

ami flyback fade oute 

(oc) Bring contrast clociowise until radial H2S- scan appears, 
then turn back one noteh beyond point where the scan fades 
oute Setting the brilliance back 4 notches from the fade-out 
point in (b) is to ensure that aiequate bright-up is passed to 
Fishpond when the contrast is set as in (c)6« 


Bright-Up Controls and Range Controls. 


693. °} Set Fishpond gain at maximum. 
+. Set scammarker switch to 100/40 position to get 50 mile 
sawtooth input. 
3 Turn Fishpond brilliance up until radial scan Just appearse 
a) Set scanner to make radiel scan horizontal 

e) Press marker push-button and note where immermost marker dot 
appears on the radial scan 

(f) Check whether or not this innermost marker is the zero marker 
by advencing Fishpond brilliance and noting whether any 
additional marker dots appear. If the bright-up adjustment 
4s correct, the first dot will appear at the beginning of the 
radial acan since this represents the beginning of the bright- 
up pulses 

(g) If this is not the case, adjust the switch unit bright-up 
control until the zero marker dot coincides with the inner 
edge of the radial scam In some cases it may not be possible 
to regard the bright-up sufficiently to prevent 4t cammencing 
early. If this is the case, no harm is done so long as the 
bright-up does not commence early enough to allow the spurious 
pulse at the beginning of the 2 microsecond pulse to break 
through end produce a spurious marker inside the zero marker 
do te This can be checked on all scans by removing all 
suppression on He2seSe and letting the transmitter pulse break 
through on Fishpond where it will cause 4 "splash" widening out 
the true zero markere 


69% Select the range preset marked 50 which operates on the amplifier 

pair producing the horizontal sweep and adjust for 4, 5 and 6 marker dots on 
the scam The zero dot should be zs" to =" out from the tube centre. If thre 
timebase sweep appears to rotate slightly as the control is adjusted it means 
that the CeReT. is not set with the deflecting plates in the horizontal and 
vertical planes. With 4,5 and 6 dots on the scan set the scanner rotating. 
Adjust the second range preset marked 50 (working on the other emplifier peir) 
until the marker rings trace a circle. 


(a) Set scan-marker switch to 30/20 position to get a 50 mile 


sawtooth inpute 
(b) Check that first marker dot obtained is the zero marker by 


noting where He2eSe range marker dot appears 45 the He 2eSe 


range control is set to zero or by using the suppressor break 
throughs If necessary, adjust 30 mile zero to shift the 20 
microsecond pulse on the sawtooth to bring the zero marker dot 
up on the bright-up. 

(c) Use one range preset labeiled 30 to get 4, 5 or 6 marie dots on 
the horizontal scam Adjust the other to get 5 - 6 circular 
markers when the scanner is rotatinge The zero marker should 
now be about the same distance from the centre as on the 100/40 
scan, ieee, about 3" from centree If necessary, set the 30 mile 
zero to get this result. | 


(c) Set scammarker switch to the 10/10 position to get a 10 mile 
sawtooth inpute 

(a) Check as before the first marker dot appearing is the zero marker. 
If not, adjust the 10 mile zero to move the 20 microsecond pulse 
on the sawtooth so as to bring the zero marker on the bright-up. 

(e) Use the range presets labelled 10 to get 4, 5 or 6 circular markers 
with the scanner rotating. The zero marker should again be the 
same distance from the tube centre as on the other scans. Should 
the bright=-up not start early enough, adjust the bright-up control 
on the WeFeGe to start the bright-up about 4" fram the centre. 


695e Check through the scans now that the markers are present for all 
settings of the scan-marker switch and that the zero marker appears approxi- 
mately the same distance from the centre on each scan. [he bright-up should 
cammence on each scan at the position of the zero marker, If this condition 
is not fulfilled, alternate adjustments should be made on the bright-up 
controls using the WeFeGe control on the 10 mile input and the switch unit 
control on the 50 mile input until the condition is met With the scammer 
rotating the zero marker should now cut the commencement of the heading marker 
on the 10/10, 10/20, 30/20, 50/20 and 100/40 positions of the scan-marker 


switch. 


Checking Fishpond Range Calibratiom 


696. It has been assumed that the ringing circuit in the anode of V6 is 
actually producing marker pips at 1 mile (10.75 microsecond) intervals. if 
the swicch unit range scales are in statute miles a check can readily be made 


as follows:~ 


(a) Set scanm-marker switch to the 10/10 position and the height control 


to vero. 
+P Set the height control to zero. 

c) Adjust range control to bring 2S range marker dot successively 
on each Pishpond marker dot and read the range scale. The 
readings should be approximately 0, 1, 2, 3, 4 and 5 milea If 
any error is apparent, the inductance, I.2, can be unsealed and 
the core adjusted to give the current ringing frequency. Perfect 
correspondence cannot be expected due to the inaccuracy at the 
beginning of the height scale and the setting of the height sero 
for accuracy at operational height, 


697e A. check can be made as follows with the monitor 28: This check does 
not depend on the switch unit scalem- 


(a) Use a Pye interceptor socket to feed the H2.S- range marker 
from the red Pye plug on the WeFeGe to the monitor 28 

£2 Set the timebase switch for a 100 microsecond timebase. 

c) Note the calibrated X-shift reading when the H.2S. marker 
dot is on the centre of one of the Fishponm marker dots. 
Set the range control to bring the H2S. range marker up 
on the next Fishpom marker dot and again read the X-shift. 
The difference should be 10.75 microseconds. 


698, Daily maintenance procedure for Fishpond is incorporated in the full 
DeIe procedure in Chapter 12. . 
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Differences between the Indicators 182 ami 1824. 


699e The first 200 Fishpond indicators are designated as type 182 and the 
balance as 182A. 


(a) ‘Im type 182 units the 150K grid leaks of Vel, Ve2, Ve3, Ve4 
are taken to the junction of a 390K. and & 2K. forming a bleeder 
between HET. and earth, The junction is decoupled to earth by 
ea O.1 mf. condenser. 

(b) In type 182A units, the two-resistor bieeder is replaced by a 
series-parallel network, Details appear in the circuit diagraen, 
fig.116. The grid leaks of V.1 ami ¥.3 are taken to the junction 
of Re 26 and R2k The grid leaks of ¥.2 and V.4 are taken to the 
sliders of R.8O and R79, respectively. 


Detailed Study of the Pishpond Timebase fuplifiers, 


700. So far, we have noted the following facts about the timebase amplifiers:= 


(8 The circuits are symmetrical. 
b) The inputs are push-pull sawtooths with working strokes of 240, 
720 ami 1200 microseconds and amplitudes of the order of 50V-. 

(c) The presets strapping the cathodes are switched to so vary the gain 
as to get constant range coverage regardless of the input. This 
means gains in the ratio of 1:3:5 for the 240, 720 and 1200 
microsecom working strokes 

(ad) In each pair the grid potential of one valve can be varied relative 

to that of the other to get a balanced outpute 


7Ol. No attenpt has been made to explain fully how the cathode presets achieve 
the required changes in gain. 


702. To appreciate the operation of either amplifier pair, more fully, let 
us refer to figell& Let us assume that Vol grid is swinging positive ani V2 
grid swinging negative with the sawtooth inputs applied through ©.1 and 0.2. 
The Yel input will be balanced about the D.C. level to which V.1 grid is tied, 
tee, about + 7Ve Ve2 input will be balanoed about the level to which Ve2 
grid is returned by R60. Let us assume for the moment that these levels are 
equal, The DeCe level of the cathodes is then about +9V. There is then a 
standing bias of about 2¥. on the valves. If the cathode potentials remained 
stationary at this level the valves would amndnet during the part of the grid 
swing that carried the grids between the cut-off and saturation levels, These 
would be the same on all scans, and the gain would be constant on all scans, 80 
the output amplitude would be constant. The output velocity would, however, be 
in the same ratio as the input velocities, ieee, 1:33:52 Hence, the range 
coverages would be in this proportion. What we want to achieve is to so adjust 
the gain that while the grid swings through the central 107 microsecond portion 
of each swing the output voltage change is such as to carry the G.RT. spot 
across the tube, | | : 


703. As shown in para.677, this means that the grids must move through 
about 11 volts while the spot crosses the tube diemeter for a 10 mile input. 
When the 30 mile input is applied the'slope of the sawtooth is only 1/3ra 
as great so in 107 microseconds the grid can only swing through a third of 
the 11V. or around 3.5V. Similarly, on the 50 mile input the grid has time 
to swing through only one-fifth of 11 or about 2.25 volts in the 107 micro- 
second sweep period. If we assume the reqrired voltage change in the 107 
microsecond period is 125¥ we want to have a grid swing of about l1V producing 
an encode swing of 125V. when the 10 mile input is applied. When the 50 mile 
imput is applied we want a 3.5 volt swing to produce the same 125V.change at 
the anode, For the 50 mile input we want a 22.5V. swing to give an anode 
swing of 125vV. | 


70te When the sawtooth carries Vel grid above cut-off anode current flows 
ani the cathode potential tends to rise and follow the grid up. If there 
were mo cathode coupling we would then have a steady cathode rise while the 


grid swings between cuteoff and the saturation current level. The net input 
signal would be the difference between this cathode rise and the grid swing while 
the valve went from cut-off to saturations There would thus be a measure of 
negative feedback which determined the actual anode potential swing while the 
‘grid went through the central 107 microseconis of its swinge But while one 
grid is swinging up and tending to carry its cathode up with it, the other grid 
de falling with the antiphase output from the other end of the magslip stator. 
The second cathode is then falling while the first is risinge If we now 
strapped the two cathodes directly and had perfectly symmetric circuits the fell 
at Ve2 cathode would cancel the rise at Vel cathode ami the cathodes would 
remain stationary. There would then be no negative feedback and the amilifier 


would operate at maximm gain 


705e If instead we switch a resistance of value R between the two cathodes 
only a fraction of the voltage change at either cathode will be applied to the 
other cathode. This fraction will be given by =~, where Rk is the cathode 
ofr 


ioade There is then a net cathode voltage change which provides negative 
feedback, The greater the value of R the greater will be the negative feed- 
back and the lower will be the gain By suitably adjusting R we can then meke 
the push-pull voltage change at the two anodes of each amplifier pair have the 
value required to carry the spot across the tube in about 107 microseconds to 
give the desired range coverage of 5 miles. By having different presets for 
each input we can give R the required value for each scam. Since we need the 
highest gain on the 50 mile imut R has then its minimum value. For the 30 
mile input it will be higher and on the 10 mile input it will be higher still. 
The difference in the amount the cathodes follow the grids on the different 
scans can be seen on the waveforms in fige 


706. If P80 is set to give V.2 a grid potential different from that of Vel 
the gain of V.2 will be modified. In this way the output amplitude of Ve2 can 
be varied so as to be equal to that of Vel, should slight difference in emission 

or component tolerances cause an unbalanced output and a display whose centre 


moved in a curved figure. 


707e Prom fig.118 it is also apparent that the DeCe level of X.1 can be 
varied relative to that of X2 if it is necessary to apply a correcting voltage 
for any deformation in the electrode structure: — 


The Fishpond Marker Circuite 


708 ## The following points have been made about the marker circuit:e 


(a) If the push-button switch is pressed, the tuned circuit in the 
anode of Ve6 rings at 93 Ko/se to produce peaks at 10.75 microsecond 
intervals. 

(b) The positive swings bias back V./7 grid on grid current so that it 
only conducts on the peaks. 

(co) These peak conducting periods produce negative pips at the anode 
which are applied to the PePele cathode. 


109- The marker circuit appears in figelife The following points should 
be noted;s= | 


(a) When the push-button switch is not depressed V.6 grid is 
returned to a potential of =-1LOOV. on pin 6 of the l2=way from 
JBe222e Ve6 is therefore cut-off on the grid when the button 

ds free since the 40V. amplitude of the positive-going 20 
miorosecond pulse is not sufficient to cause conduction 

(ob) If the push-button is depreased Ve6 grid is returned to the 
junction of R64 and R257 which form a bleeder between iBT. 
and earth This dleeder then returns V.6 grid to a potential 
of around +40V. The valve is then in saturation current and 
the tuned circuit in the anode will not ring on the leading 
edge of the 20 microseoond pulse. The pulse is differentiated 
sufficiently during the 20 microsecond period to pemnit the 
cOllapsing back edge of the pulse to make the anode tuned circuit 


ring heavily. The initial swing of the ring will be of the 
order of 130V. peak to peak. 


(c) The cathode of Ve7 is bridged in at the decoupled junction 
of R276 and R62 which form a bleeder between HT. and earth. 
Ve7 cathode is thus given a decoupled cathode potential of 
about +15Ve This will hold Ve7 cut off unless ¥e6 anode circuit 
is ringinge ir ¢, 

(a) On the high amplitude positive swings Ve7 grid passes grid . 
current into C.20 which must leak away through 261. This 
leak away through R61 holds ¥.7 biassed back so that only 
the positive peaks cause conductione These are amplified to 
form negative pips of about 15V. maximum amplitude at V./ anode. 

(ce) An output is tapped Uff acroas R63 and applied to the P.P.I. 
cathode via Ce7 andC.2l., As these pips swing the cathode 
negative they have the same effect as a positive signal on the 
grid and result in brightening up of the display. 


The B-C Switch 


710. This switch must be set to the C position. Any new units should be 
cheoked that this adjustment has been made. The B position modifies the action 
of the 10 mile zero control in a way that is unsatisfactory for Bomber Command 


work, | 


H,Te and Heater Supplies. 


Jil. The SOV. AceCe supply is obtained by taking cross-connections inside 
JBe 222 from pins 6 ami 8 of the 1&way to pins 1 and 2 of the l2way coded 
black, These pins feed the primary of the power transformer, T.lh Ve8 is a 
We7l double half-wave rectifier stage whose output is smoothed by L353 andi 
Ce22, Co25-. The output should be 400 Z 20v. which provides the main & Te 
line, This is dropped by R77 amd R78 and decoupled for Vé. 


712. Heater windings are provided on T.1 with outputs as shown on fige1l6. 


7l3e The EeHeTe supply for the Fishpond PePsIe bleeder is taken from the -4KV 
power pack in the modulator 64. A cable from the blue modulator output 
plug goes to the indicator 184. A parallel plug on the indicator 184 provides 


the output for Fishpond, 


7lye The ~100V. is obtained from the metal rectifiers and applied to 18/13. 
A cross-comnection from pin 6 of the 12-way black to 18/13 in JB. 222 picks up 
this supply for Pishpond 


De Ce for Fishpond Re 


715e The relays 1 and 2 in Fishpond are parallel respectively with 
M(500) and N (501) in the WAG The + 24¥. supply for M and N relays is 
carried on pins 2 and 3 of the 12-way orange on the switch unit which passes . 
to the 12-way orange on JB.222. The 12-way orange/green on the JB.22 is 
oomnected to the l2-way orange on the WeFeGe to complete the apply to HM and 
N relayss For relay 1 in Pishpond a cross-connection is taken from pin 2 on 
the 12-way orange to pin 4 on the l2-way black in JBe222. For relay 2 a 
cross~conmnection is made from pin 3 on thé 12-way orange to pin 5 on the 12= 
way black, The return or 24V. negative line to relays 1 and 2 is completed 
‘by taking a cross-connection inside JB.222 from the common D.C. negative Line 


on 18/2 to pin 3 on the l2-way black 


The Waveform Generator, Type 4 3e 


Punctiom 


7166 It has been emphasised that unless an adequate bright-up square wave 
is supplied to Fishpond, the flyback and diametral scan will temi to break 
through and make the display unreadable. It has also been pointed out that 
the amplitude of bright-up square wave that is passed by the WFreG mixer, 
Ve 508, depends on the setting of the contrast control, If the H.2eS. operator 
sets the contrast control too far anti-clockwise, the bright-up reaching 
Fishpond will be insufficient to prevent breakthrough of the scan and 
ani the unit becomes useless.e The waveform generator 43 is a small added unit 
which is designed to provide an independent bright-up for Fishpond and thus 
eliminate the possibility of rendering Pishpond useless by an unfavourable 
setting of the contrast control | 


Principle. 


7l7- When not using the 7 F.G 43, the mixed bright-up, signals, heading 
or track marker and renge marker are taken from the black Pye on the Wel’sGe 
to provide the Fishpond signal inpute When the W.F.G43 is included in the 
installation the output from the slate Pye on the receiver=timing unit is | 
split, part going to the WeFeGe 34 as before ani part to the WeFeG45. The 
20 microsecond pulse from one of the violet Pye plugs on the modulator 64 is 
used to trigger a multivibrator of the seme type as the modulator multi- 
vibrator, The output of this multivibrator is a 1500 microseoond square wave 
with the positive phase commencing on the back edge of the 20 microsecond 
imput, ieee, when the zero marker forms. The duration of the positive phase 
is fixed at about 160 microseconds to provide brightening for the Fishpond 
BCAaN, The signal input is mixed with the square wave in a stage similar to 
that used in the WeleG. mixer, V508, and taken off from the cathode to a — 
black Pye plug and thence to Fishpond, The amplitude of the brightup square 
wave can be adjusted to a suitable level by means of a bias control on the 
mixer stage. The negative phase of the square wave serves to black out the 
flyback ani first half of the diemetral scam The condenser in the input to 
the cathode of the Fishpond signal emplifier is removed to enable the Fishpond 
gain control to be used as a limiter in exactly the seme way as the He 2s Se 


contrast control | 


Installation and Cabling. 


Mountings | 

718 ‘The 8s" x 64" x 4" unit is suitable for mounting directly into the 
aircraft frame without the use of a mounting tray. The valves, etc. are 
mounted on an antievibration sub-chassis. 


‘719e The 18&way from the main junction box to the WeFeGe 54 is broken - 

and the WeFeCe 43 inserted by using two 1&way plugs in parallel on the new 
unite All eighteen pins of the added connector must be connected when 

the unit is inserted in Mark IID, Mark IIC, Mark ITIB or Mark ITIA installations. 
The HeTe supply is tapped off from pin 16. The 80V. supply for the heater > 
transformer is tapped from pins 7 ami 8 and pin 1 provides the earth line. 


Iriggering. | 
720. The violet Pye plug on the We Fe Ge 43 is cormected to one of the 
violet Pye plugs on the modulator 


Signal Input. 


721, The slate Pye socket on the receiver-timing unit is fitted with a . 
{Pye plug to provide one output for the WeFeGe54 and one for the new We Fe Ge Ate 
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Signal and Bright-Up Output. 


722 The black Pye plug on the WeFeGe 43 is comnected to the black Pye on 
Fishpond. (8, between the Pishpond signal amplifier cathode and the black 
Pye plug, is removed to provide D.C. coupling between the WeFeGe435 mixer and 


the Pishpond signal amplifier. 
Circuit Detail 


723 (a). The actual circuit is shown in fige120(bd) 
b) The effective circuit is shown in fige12(a) 
60) Waveforms are shown in figel22 


7242 The double triode (CV.181) ¥.2, is wired up in a clroult very similar 
to that used for the modulator multivibratom V2a is normally conducting and 
Ve 2b is cut off by the bias developed across Re4 by Ve2a cathode current. 


7250 The 20 microsecond pulse is differentiated by Cl, R1 to fom positive 
and negative-going pipse Vel cuts off the positive-going pip so we have a 
negative-going pip applied to V.2a grid on the back edge of the 20 microsecond 
pulses As Y.2a grid is carried down, the cathode current falls. This serve: 
to carry Ve2 grid up with the rise at Ve2a anode. V.2b then starts to 
conducte The effect will be to carry Ve2a cathode uw instantly with the 
increased voltage drop across Ry due to the cathode current taken by V. abe 
Ve2a grid also tends to rise by the amount of the voltage change across Re4 + 
Re7 when Ve2b goes into conixction But V.2a grid can only rise as repidly 
as electrons can leak away from C.2 through be2. Since this time constant is 
long, the instantaneous rise of Ve2a cathode cuts Ve2a off until the 
exponential rise of the grid towards ¥.2b anode a negative-going square wave 
which cammences on the back edge of the 20 microsecond pulse and ends after a 
time determined by the time constant of CGe2, B2. The amplitude is about 
100V and the duration is about 160 microseconds. This is inverted and cleane 
up in Ye 3a to provide the bright~up square wave. 


726¢ Although the Fishpond radial scan is completed in about 40 = 50 
microseconis the flyback does net commence for some time, and the spot merely 
sits off the edge of the screem There is therefore m objection to having 


the bright-up square wave sanewhat longer than the scanning period. - 


727e When Ve 2a grid has climbed exponentially to within its grid base of 
the cathode potential, V.2a goes back into conduction and the anode potential 
fallse This carries down ¥.2b grid and so reduces V.e2b cathode current to 
carry Ve2a cathode down and further reduce the bias on Ve2ao Veda then 
conducts harder. The effect is cumulative ami quickly cuts V.2b off ani 
brings Ve 2a on hard until the next negative pip arrives. 


The squarer ( Ve 3a) 


728. As a consequence of the component values used in the coupling between 
Ve2a and Ve2b, the dbright-up waveform at Ve2b anode is mt flat-bottomed, 

The waveform is therefore unsuitable for immediate application to the mixer 
stage: To overcome this difficulty the output from V.2b anode is applied to 
a squarer stage which is half of a second CV-181 double triode. The large 
emplitude waveform carries Ve3a into grid current aml below cut-off to square 
off the waveform and produce at Ve3a anode a flat-topped positive-going bright 
up square wave which is suitable for mixing with signals. The waveform | 
observed will be distorted as a consequence of the IeGe coupling arrangenents. 


The Buffer Cathode Follower (Vo 5b)- | 


729 To prevent the bright-up square wave from coupling back into the 
receiver~timing unit the input from the slate Pye plug is brought into the _ 
mixer stage through a buffer cathode follower stagée This stage is Ve5b, the 


| second half of the double triode, V.3. ‘The positive-going signal input is 
applied to the grid. R17 (2. 2K), in the grid input of V¥.4. serves as the 
cathode load. Part of the bright-up voltage appears across R17 but cannot 
_|couple back to the grid and the slate Pye plug Ve3b thus provides a one- 
way channel for the signal input but isolates the bright-up waveform from the 
\reosivertiming unit amd We FeGe jhe 


The Mixer Stage (V.5)s Mixer S Ve The Mixer Stage (Ve5). 


730. Mixing of the bright-up waveform and the signals is done in a cathode 
follower stage very similar to V.508 in the WeFPeGe Bie Vel is a VRIL 
strapped as a triode. C6 provides campensation for high frequency shunting 
by stray capacity at Veja anode, and C7 for high frequency losses due to 
shunting by stray capacity at Ve35b cathode and Ve4 grid. The bright-up 
square wave swings the grid of v4 through about 10 volts. By means of the 
preset, Re19, the DeCe level of Ve4 grid can be varied. Ved grid swings between 
U5V¥. and 25V. if R19 is fully anticlockwise and between OV. and 10V. if R19 
is fully clockwise. How much of the bright-up square wave appears on Vee 
cathode will vary with the DC. level to which V.4 grid is tied by R.19. 

Hence, by varying the setting of R19, the amplitude of bright-up waveform on 
the common cathodes of V.4 am the Fishpond signal amplifier can be varied. 

A further variation can be introduced with the Fishpond gain oontrol. When 
this control is fully clockwise, the signal amplifier grid is at its highest 
value and the valve takes the maximan current through the common cathode load 
The mixer cathode is then at its highest level and therefore passes the 

minimy« of bright-up,. As the control is taken counter~clockwise less current 
is taken and the common cathode falls so more bright-up is passed, The control 
can thus be used to increase the bright-up until superimposed signals have their 
tops cut off as discussed in paras. 541 = 542, 


dettina-ty Brooedare 

| 

73s a) Scammarker switch to 100/40 position 

b) H2eSe gain to midway position. 
c) Bright-up preset on WePeGe43 (R19)fully anticlockwise 

to hold mixer grid at lowest level and sO cut bright=up 

output to minimm 

(ad) Set Fishpond gain control (now used as a limiter) fully 
clockwise to make current passed by signal emplifier a 
maximum and thus take mixer cathode to its maximm level in 
so far as it is controlled by the Fishpond gain controL 

(e) Scope the waveform at the anode of the Fishpond signal 
emplifier on the monitor 28 

(f) Advance the WeFeGe435 preset and observe the effect on the 
waveform on the monitor. Noise will appear first, then 
the bright~-up pulse increasing in amplitude. Presently 
top-cutting will start to take off the noise peaks and 
ultimately only the bright-up pulse will remaim Leave 
the control set at the point where the entire noise is just 
cut off by limiting and the full bright=-up pulse remains, 

(g) Turn the Pishpond gain anticlockwise and note that the noise 
reappears and that when fully clockwise the bright-up and 
moise disappear completely due to cut-off on the amplifier 
grid, 

(hb) With brilliance at minimum, leave gain control at point 

: where the redial scan just fades out. 

(4) WeF.G and switch unit bright~up controls are no longer required 
for Fishponi and should now be set fully anti-clockwise. 

(3) The range presets must be set to give 5-6 circular markers 
on each scan and the 10 mile ani 30 mile zeros set up to give 
a sero marker of about an inch diemeter on the 10 mile and 
30 mile sawtooth inputs. 
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The Filter Unit Type 1/3. 


Functione 


732, This umt was designed to reduce the "splash" coming through on the 
Fishpond display after the conclusion of the main transmitter pulse. This 
"splash" varies in duration from set to set. If the suppression control on 
the receiver«timing unit is set to cut out this "splash" the Ie. amplifier is 
dnsensitive for the corresponding period and no signals can possibly get through 
to Fishpond ‘The Fishpond minimun range then is very poor depending on how 
long the receiver is suppressed after the primary pulse-endse An improved v 
version known as the filter unit 189 may supersede the type 175 units. | 


Principles 

7330 If the suppression control is set to just cover the primary pulse, 

the Fishpond signals and the "splash" will get through to Fishpond. The 
mimimm range will then be determined by the range at which the intensity of 
signals will exceed the intensity of the "splash". Obviously, anything that 
will reduce the "splash" intensity without reducing the signal intensity will 
then improve the minimm range. The filter wit which is inserted in the 
pulse lead from the modulator to the transmitter unit contains a low-pass 
filter which is designed to pass all frequencies up to around 55 Mc/s but 
sharply attemute higher frequenci ese This is intended to pass sufficient 
of the pulse components to obtain a satisfactory modulating pulse but to 
reject the higher frequency components which tend to cause ringing and: 
standing waves on the pulse cables Difficulties may arise from pulse cable 
radiation and pick-up on the head amplifier and I+Fe strip. By attermating 
the frequencies above 54 Mc/se it is possible to reduce the anount of pick-up 
of this nature which gets through the receiver and hence to minimise the 
"splash" intensity. In addition to pick-up of this nature, there is also the 
problem of secondary pulsing of the magnetron with the resultant development of 
mixed frequencies in the cm band which pass through the mixer to the head 
amplifier and thence to the receiver ani the display. Reduction of the ringing 
of the modulating line and the pulse cable by virtue of the attemiation of the 
high frequency components should also reduce this factor. 


installation. 


734e The filter unit is inserted in the pulse cable between the modulator and 
the transmitter unit, at the Modulator eni 


Setti 

The filter cannot pessibly: have any effect unless the suppression 
adjusted to just cover the primary transmitter pulse, isés, one motch beyond 
the point where the whole breakthrough appearse 


7360 ‘In order to get the maximm contrast between "splash" and signals 
just stronger than "splash" the minimum of brilliance must be used. 


Circuit. 
737. The filter circuit is shown in fig, 121. 
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CHAPTER li - TEST EQUIPMENT, 
Momitor Type 26. 


738 (a) The panel and chassis layouts are shown in figs. 123 ~ 125. 
b) The circuit is shown in fig. 126. 
c) Waveforms are shown in figs,127 and 128. 


Usese 


7392 The monitor 28 finds widespread use in the servicing of BH 2eSe 
equipment. It can be used for the following purposes;- 


@) Examination of waveforms. 

Bb) Measurement of voltage amplitudes of waveforms by means 
of a calibrated Y-shift and built-in voltmeter. 

(c) Measurements of duration of wavefoms with the calibrated 
X~shift or with the aid of the orysatal-controlled calibmtor, 
TeSs 202. 

(a) ee. height and range marker calibration with the aid of 
TeSe 

3 Determining approximate peref. 's. | 

(Pf) Determining DeC. levels of waveforms with the aid of a suitable 

switching and meter arrangement, 
(g) Measurement of Lucero tranmitter power. 


Panel Layout. 


740. Details of the Monitor 28 panel are shown in fige 123. 


(a) Power Supply ~ The monitor contains its own power pack which 
operates an 80V., 1000 c/s input via the 2-pin Wplug 


The single-way W-plug provides a ~2KV. output from the monitor 
power pack, This output has no present application in H2S 
maintenances 


b) Focus Control ~ Appears as a knob lebelled "Focus", 

c}) Brilliance Control - Appears ac a knob labelled "Bias", 

a) Signal Input ~ (i) Signals may be applied at the black screw :, 
terminal or at the Pye piug labelled "Input", 


The latter was not provided on earlier models. 

(ii) A separate Pye input labelled "Int." is also 

provided. This is used to measure the 
power output of the Lucero trananitter. 

- Signal inputs may be applied — 

rect to the Y-plates 
(44) through an amplifier of calibrated gain 
(i114) to a diode detector whose rectified output is 
applied to the Y=plates. . 

Which of these options is employed is fotemined by the setting 

of a five position input switch The positions indicated are:- 

i Direct = Signal applied direct to Yel 
X5, X10, X20 = Signal applied through amplifier of 

gein as selected. 

(141) Inte - This position is used when the Lucero output is 
applied to the "Int." Pye plug The RF. pulses are 
then applied to a peak rectifying diode whose output 
is applied direct to the Y.1 plate. 

(f} Time Base Selector Switch = The monitor provides a choice of 
one Gu our triggered timebases, The selection _ 
is made by means of a timebase selector switch The positions 
are marked as follows:= 

‘(a 40 =- 10 microsecont timebase 
b 100 = 100 microsecond timebase 
c 1000 = 1000 microsecond timebase 
a) Freqe ~ 2000 microsecond timebase which is incomplete 
and shows only approximately 1500 micaro= 
seconds on the display. 
(e) VeAeRe- Pree-rumiing timebase of adjustable speed 
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(g) imebase Speed Control ~ When the timebase switch is set to the 
VAR position, the length of the free-running timebase can be 
varied by-means of the control labelled "Speed" from about 5 to 
10 milliseconds. . 

{h) Timebase Symce Control = A knob labelled "Sync." is provided 
which is us lock the scan when the free-running timebase 
is used. . 

(4) Trigger Input - When the monitor is to be used with 12S. on 
one of the triggered timebases, the 20 microsecond positive- 
going pulse fram one of the violet Pye plugs on the modulator — 
64. is applied at the Pye plug labelled “Trige" When this input 
is used to trigger the monitor the timebase perefe is that of 
the modulator multivibrator. If the modulator 64. is being 
synchronised by the transmitter-timing pulse, the timebase perefe 
will be that of the master multivibrator and the complete H2eS. 
installation. Any He2eS»e waveforms will then be automatically — 
locked to the monitor timebase. 

(Jj) Timebase Start Control - A variable resistor in a resistance 
capacity network incorporated in the monitor permits the 
base start to be varied between 2 and 3 microseconds before the 
trailing edge of the 20 microsecond pulse, and 2 to 5 micro= 
seoonds after this trailing edge. This variable control 
appears on the panel as "T.B. Start". The range of variation 
available may vary slightly from one monitor to another. It 
will also be affected by the steepness of the back edge of the 20 
microsecond pulses 

(x) Eerth Connection - A brass terminal is provided for a monitor 
earthing comnection to the unit under exemination. 

(1) calibrated X~Shift - The angular displacement available on the 
X-shirt is divided into 10 equal parts. Each division then 
represents a time interval equal to 1/l0th of the timebase 
length, ieee, 1/10th of 10, 100, 1000 or 2000 microseconias 
This calibration of the Xeshift is provided to permit measure- 
ment of pulse widths. Since the calibrations on the knob are 
equally spaced they can only give accurate pulse width measure~ 
ments if the timebase is perfectly linear, i.0., if the timebase 
velocity is constant throughout its full sweep This is rarely 
the case so pulse width measurements with the calibrated X-shift 
oro Seer to an error which depends on the degree of non-linearity 
presen | 

(m) Calibrated Y=-shift - A voltmeter (100-0-100 volts) is connected 
into the Y=shift circuit for the measurement of waveform amplitudes. 
When the signal input is being amplified the enplitude indicated on 
the meter mst be divided by 5, 10 or 20 acoording to the amplifi- 
cation in use. ss 


Using the Monitor 28 with He 2S. 


Com ctions. 


7hle (a) The power supply can be taken from the 2-pin BOV. A.C. plug on the 
He 2eSe junction box ami ‘applied to the 2=pin input on the monitor 


panel, 
(b) The triggering waveform is taken from one of the violet Pye 
plugs on the modulator 64 and applied to the Pye plug labelled 


“Trige" | 
(c) The waveform to be examined is applied to either the input terminal 


or input Pye pluge 
. Reamination of Waveforms. 


742.2 The input switch should be set to "Direct" unless the amplifiers are 
needed. The timebase switch is set to 10, 100, 1000 or freq to suit the 


width of the particular waveform being examined. 
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Measurenent of Pulse Width 


7450 The leading edge of the waveform is lined up with the vertical engraved 
line on the perspex screen over the tube face by means of the X-shift ani the 
reading of the calibrated X-shift noted. The trailing edge is then brought 
into coincidence with the engraved line and the reading of the X-shift again 
noted. The mmber of divisions in the displacement is then multiplied by the 
time value of one division on the scan in use to obtain the pulse width For 
example; a waveform requiring 35 divisions displacement on the 100 microseconi 
_ timebase would have a width of x i0 or 355 microseconds, since 1 division 
represents 1/10th x 100 or 10 microseconds. 


é 


Anplitude Measurements. | 


744e Use the Yeshift to bring the bottom of the waveform into coincidence 
with the horizontal engraved line on the perspex screen and note the meter 
reading. Now bring the top of the waveform to the horizontal line and again 
note the meter reading. The difference between the two meter readings will 
give the amplitude of waveform applied to the Y-plates. If the input switch 
is on "Direct" the amplitude thus measured will be that of the input signal. 
If the switch is in one of the amplifier positions the signal amplitude is 
found by dividing the meter difference by the amplification in use. For 
Exemple; If readings of -20 and +35 are obtained with the input switch on x5, 


the input emplitude is 2 oF ll ve 


Checici 2s Se Pe Re Fe 


7aSe For this check the timebase switch must be set to "Freq." With this 
setting the timebase sweep cammences on the back edge of the 20 microsecond 
pulse with a velocity designed to cover the tube face in 2000 microseconds, 

As the period ia of the order of 1500 microseconis the leading edge of the next 
20 microsecond pulse will occur before the scan is campleted and cuts off the 
sweep. The next scan then commences on the back edge of the following 2 
microsecond pulse. This means that the length of scan shown is what appears 
between the back edge of one 20 miarosecond pulse and the begimning of the next 
By using the X-shift the length of scan in divisions can be measured, Each 
division now represents 200 microseconds, s0 the approximate period is found 
by taking the mmbar of divisions x 200 microseconds, ¥or example; If the 
scan length is 7.7 divisions, the scan length is 7-4 x 200 = 1480 microsecomis. 
fo get the full period the 20 microsecond pulse width should be added. The 
perf. is found by dividing the period in microseconisa into 1,000,000 micro= 
secomis (1 second). A period of 1490 microseconds means a pref. of L eee 


671 c/s. How accurate any such calculation will be is again determined te 
what degree of non-linearity is present in the timebdase. 


7460 The use of the monitor 28 in conjunction with the TS,.202 in setting up 
«the height and range markers is. discussed under the T.5S. 202. 





747e The use of the monitor 28 in conjunction with a D.C. scope attachment 
is discussed under measurement of D.C. levels. 


Measurement of Lucero Transmitter Power. 


748 Connect the BF. output plug on the Te Re 3160 to the "Int." Pye plug on 
the monitor with a length of uniradio 4 $$ This connecting cable should be 
supplied with the monitor 28 and no other type of cable should be used as it 
alone has the correct 47 obm impedance. 


7492 ‘The monitor incorporates a diode peak voltmeter connected to a 
resistance network, This network terminates the 47 olm feeder oorrectly ani 
attenuates the input voltage by a ratio of 6:1 The rectified peak voltage 
may be read with the calibrated Y-shift. The power output may then be derived 


from the fomaulas— | 
Peak Power «x Seyele 
2 
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Fran this formula, the followim table is obtained; - 


Pulse Amplitude Peak Power : 
in Volts. in Watts. 
10 40 
15 B5 
20 150 
25 235 
wD 340 
35 1,60 
40 600 
45 760, 


750. The picture on the tube may be examined on either the 100 or 10 
microsecomd timebase. In either case, the pulse shape is not a true reprem 
entation of the BF. transmitter pulse because a long time constant cathode 
cirowit to the diode is necessary to ensure that true peak voltages are 
recorded. — 


751. ‘The power output measured in this way at the Pye plug on the transmitter 
sub-unit output socket should be nearly 600 watts. If measured at the aerial 
sockets 500 watts is a reasonable figure. If it is substantially less than 
these figures the fault is most likely to be in one of the following circuits:= 


b) Transmitter filament supply. 

ce) Drive fran the modulation valve in the waveform generator 
to the modulator valve. The difference between the power 
readings at the two points gives an indication of t 
efficiency of the common T.R- system. 


S EeHeTe supply. 


The Monitor 28 Circuit. 


752e (a) The complete circuit is shown in fige126 
b) Significant waveforms are shown in figs: 127 and 128. 


The Timebasee 


753e The 20 microsecond input is applied to the grid of Vel via the long 
time oonstant G1, Re3. The waveform is emplified and inverted at Vel anodes 
Ce5, Red, R5 provide a time constant variable between 45 and 105 microseconis 
which introduces a measure of differentiation dependent on the setting of Re dre. 
This differentiated negative-going square wave is applied to the suppressor 
of Vea . 


75he Ve2is the timebase stage arranged as a Miller circuit The following 
cireuit details are worth noting: 


(a) Anode connected to grid throughs=- 
(4) G8 + trimmer C.36 with R12 150K) for grid leak to give 10 AisT 
(ii) C8 + trimer 0.37 with R15 (20) -* :  # 98 100 * 
(443) G8 + trimer C238 with R. 1b »" s # & #30900 * 
(iv) Ge8 + trimmer 0.39 with R15 (1M) *" " " " " 2000" 
(b) For the 1000 [ss TBe grid leak is tapped down to junction of Be 63 
and R18 
_{e) For ara Aaa T.Be grid leak is tapped down to junction of R17 
and R. 1d. 7 
(4) For the free-running timebase, the screen and HeTe supply is dis- | 
comected from Vel ami Ve2 anode is coupled to its grid through . 
C7 (603) across 6.8 with R16 (270%) + Rel (250K) variable 
as grid leake R19 provides the timebase speed control. 


755e When the negative-going pulse from Vel anode is applied to Ve2 
suppressor the anode current cuts off on the leading edge of the 2 micro~ 
second pulse to produce the flyback, Ve2 will then be cut off on the 
suppressor until the suppressor is again brought above cut-off. ‘If RA is 
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get to a sufficiently low value the differentiation of the pulse will bring 

Ve2 suppressor above cut-off before the back edge of the 20 microsecond pulse 

occurs. Rede is then the timebase start control on the panel. With Re4 

_ full in the timebase may stert after the back edge of the 2 microsecond input 
pulse, due presumably to distortion of the pulse applied to Vea suppressore 

That is, the 20 microsecond pulse on Ve2 suppressor must be slightly wider than 

the imput pulse. When Ve2 suppressor crosses cut-off the usual Miller time- 

base action occurs to give a falling sawtooth at V%.2 anode, V./ keeps Ve2 

suppressor from swinging positive with the back edge of the differentiated 

waveforms | 


756. The sawtooth from Ve2 anode is applied to the one i-plate, but this is 
not sufficient to give a full deflection so the paraphase amplifier, Ved, is 
used to develop an antiphase sawtooth of approximately the sane amplitudes 
The coupling between V.2 and ¥.3 is similar in principle to that used between 
the timebase valve and paraphase amplifier in the Gee indicator. Bad cramping 
or non-linearity of the timebase at the beginning of its sweep has been 
cleared in a mmber of cases py replacing C15 in V3 cathode circuit 


757e Re2l is the calibrated X-shift control 


The Amplifier Circuit. 


758 Ve5 and Ve6 constitute the calibrated signal amplifier, ond S.2 is the 
signal input switohe Ve5 and Ve6 are arranged as A cathode~coupled amplifier 
similar to that used to develop the indicator 18) timebase. The cathodes are 
strapped by the preset, B55, in the x2 position, Re55 + B56 in the x10 ani 
Re55 + B56 4+R57 in the x5. The insertion of increasing resistance results 
in inareased negative feedback and reduced gaim 855 is used to initially 
set the gain to 20 for the first position of the input switch The 
amplifier has a flat response over all frequencies up to 500 Ko/se 


759. ‘The outputs from the anodes of V.5 and V.6 are applied via 8.2 to 

the Y-piates for the x20, x10 and x5 positions of the input switch In the 
fourth or “Direct” position, the signal input is connected straight through 
to Yel. Ye2 is earthed through C. 250 


760. 840 provides the Y-shift and the meter reads the change in shift 
voltage required to move the waveform through its own amplitude, i-ge, the 
amplitude of the waveform. 


The Synce Control, 


761. When the timebase selector switch is set to the VAR position, the 
problen of locking is simplified by having a synchronising signal applied to 
the timebase valve. This signal is applied via. C.34, R64, R63 and Cok to 
V.2 screen R64 permits variation of the amplitude applied so serves as the 
Syno. controL | 


The flyback Blackout Circuite 


762. During the period that V2 anode current is cut off on the suppressor the 
screen current rises so the screen potential falls and a negative-going square 
wave appears on the screene Due to the differentiation of the pulse applied 
to the suppressor the screen waveform will not have a flat top. The waveform 
is therefore epplied to the biassed diode, V.8, which cuts off the bottom part 
to give a square wave output which is applied to the CRT grid. YVelO acts 
as a TeGe restorer which negatively restores the waveform about the level of 
the brilliamce control slider. This negative-goirg waveform then carries the 
CeReTe grid down while ¥.2 eamde current is cut off on the suppressor, ise, 
during the flyback period. 


He Te ° 


7630 Vel2 is & 5Z4G full wave rectified which provides approximately 400v. 
(120 ma) as the HeTe supply. 


Téhe Vel is an anti~jitter valve to eliminate low frequency rippiy from 
the HeTe supply. R30 is a preset used for adjusting the gain of Ve4 to give 
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zero Tripple at the anode. 


BHT 5S ° 


765 Vell is © VWs120 half-wave rectifier supplying about 2.3 KV. (3 mas) 
for the CeReT. bleeder. 


| The’ Diode Peak Voltmeter. 


766¢ Ve9 is the diode detector to which the input from the Lucero transmitter 
is applied via the Pye plug labelled "Int." if the input switch is set in 
the fifth or "Int." positiom The rectified pulse envelope is applied via 
the choke Lel ami G24. to Yele Its amplitude can be measured with the f 
shift and the power found from the formula or table in para. 7/45. 


DeCe Level Attachment for Monitor 28. 


Introduction. 


767. The monitor 28 has a calibrated Y-shift which can be used for 
measuring the amplitudes of waveforms. Very frequently it would be conven- 
Sent to know the De. level of a waveform as well as its actual amplitude, 
This information cannot be obtained from the monitor as it stands, since the 
weveform is epplied through a comienser which blocks the DC. canponent. 

If this DeC. component is applied in the form of a square wave whose ampli- 
tude is equal to the magnitude of the DC. level, it will effectively become 
an AeCe waveform which can be displayed on the monitor. | 


768. A DeCe level can be broken into a square wave be connecting to earth 
one of the input terminals of a switch motor (of the type used in AsSeVe, 
AeT. or Visual Monica), while the other is connected to the point whose TiC. 
level is required, As the switch revolves its potentiel will be at earth 
for half of each revolution, and at the D.C. level wanted for the other 
half of each revolution. The output waveform will then be a symmetric 
square wave of frequency equal to the revolutions per geoond of the switch 
motor if it is of the two input type. If of the 4 input type the pref. 
can be doubled by connecting opposite pairs of inputs. This is desirable 
in order to get the duration of each phase of the square wave short with 
respect to the input time-constant of the monitor. When this condition can 
be fulfilled the monitor timebase will appear at two levels on the screem 
The one level. represents earth potential and the other the required DC. level 
whose value can be measured with the Y-shift in the normal way | 


769. If the switching speed is not. rapid enough to produce a square wave 
whose positive ani negative phases have durations short in camparison with the 
irput time constant of the morfitor, the display will show a series of lines at 
different levels due to the partial differentiation of the square wave and the 
decay of the deflecting voltage applied on successive sweeps of the timebase. 

In this case the Y-shift must be used to measure the maximm potential difference 
between the lines present on the display. 


770. The DeCe level observed on the display will appear above or below 
the earth level depending on whether the potential at the point under exan- 
ination is positive or negative with respect to earth 


i 
Tile So far, we have assumed that one aide of the switch motor is earthed 
in which case we are using earth as the reference potential. It is not at all 
essential that the reference potential be earth. Any other potential may be 
used pfovided its value is accurately mown, The observed emplitude must then 
be added to or subtracted from the reference potential to get the DC. level 
with respect to earth 


772 It is important that the input switch contacts should not overlap 
electrically. Should this occur the reference potential will be fed back 
at the point under observation, A cheok can be made by connecting an Avo 
set to the 10,000 scale across the input sockets when the motor is runninge 
If no overlap is present an infinity reading will be obtained. 
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Applicationse 


Measurenent of Voltages. 


773e Prequentiy the introduction of a meter into a circuit will either upset 
the cirowit operation or cause changes in the wanted voltage value. The attach= 
ment provides a ready means of checking such voltages as lie within ite range of 
measurenenite 


Study of Waveforms. 


774e Provided the switching speed is not too slow the wavefomm at a point in a 
circuit can be shown on the monitor 2& | The DeG. level of the different 

' parts of the waveform can be measured with the calibrated Y-shift, If distortion 
by the attachment is suspected the waveform can be applied in the normal way 

and its amplitude measured, 


Double Beam Work. 


7/5e If two waveforms are applied to the two input terminals of the switch 
they will appear on the screen separated by the difference in their DC. levelse 
Phase shifts, etc., can then be observed, 


Simple Unite 


776¢ The simplest arrangement is to use only a switch motore The change= 
over contact will be commected to the monitor input. The other two contacts 


Will be connected:= 


(a) To the unknown D.C. level which may have a waveform superimposed 
on ite 

(b) To the reference potential which may be earth or any other 
accurately known value with respect to earthe 


More Elaborate Unit. 


Tile Amore elaborate arrangenent is shown in figel29. The following items 
are required;= . | 


(a) A 500V. power pack (not shown in diagrem) which has no connection 
to earth, to make it possible to obtain both positive am negative 
voltegese The required camponents can be obtained from a Gee 

: power pack, 7 

(b) A switch motor, preferably one which can be run at a higher speed 

than normal to eliminate differentiation in the input CR If 

an AeIe switch motor is used the effective speed of switching can 
be doubled by connecting opposite contacts as shown 

‘3 A wire-wound 50K. potentiometer with a rating of at least 4 watts. 

A meter with a full scale deflection of 500 microamperes is 
preferable but not essential. ‘he resistance values shown are 
approximately correct for a 0 ~ 500 microsmmetere The series 
meter resistances will require adjustment by comparing meter 
readings with a standard meter to get direct reading on ranges of 
O~ 5¥., 0 - 50V., and 0 - 500%. Due to difficulty in obtaining 
a potentiometer capable of operating on a 500V. input, it was 
necessary in the actual model to limit the maximum voltage applied 
to 350V- 

(e) A three~position Yaxley switch for changing the potential 
applied to the potentianeter and simultaneously changing the 
range of the meter. The type of switch used in the control 
panel of Merk IT or Mark III LFeF. is suitable 

(f) A triple-pole changeover switch or a relay energised from 
the 24%. supply emi controlled by a single pole ON/OFF switch. 

The relay or switch changes the earth connections to the 
potentiometer (so as to obtain a voltage either positive or 
negative with respect to earth) and at the same time changes 
the polarity of the meter connections. 


77% It is recommended that the circuit be built up in accordance with the 
components available as the same results can obviously be obtained in different 


ways. 
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Introduction, 
779. Test Set Type 202 is designed to giver= 


(a) Calibration pips at intervals oorresponiing to 500 feet, 
1,000 yards or 10,000 yards range 

(b) A positive 20 microsecond triggering pulse at a repetition 
frequency of either 600 cycles or 1200 cycles per second, 
The calibration pips are locked to the back edge of this 
20 microsecond pulse. 


; Power Supplye 
780. The test set may be operated fram 230 volt 50 cycles or 80 volt 
1000 cycles. 

| For & volt supply use pins 1 and 2 of the 4& pin W plug. 

For 230 wolt supply use pins 12 and 4 


General Principles. 


781. (a) A crystal oscillator whose frequency is 983.2 Ke/s. gives 

calibration pips at 1.017 microsecond (500 feet) intervals. 

(b) Division by 6 gives pips at 6.1 microseconds, corresponding 
to 1000 yards rangee Purther division by 10 gives pips at 
61 microsecond intervals (10,000 yards). 

(c) A third divisiom process gives us a 20 microsecond pulse at 
a repetition frequency of 1170 cycles by dividing by Lh or 
606 cycles by dividing by 27. 

(a) Presets are provided by means of which the repetition 
frequencies can be varied above or below these values, 


The Divider Circuits. 


782. Division is obtained by the use of phantastron frequency divider 
stages. Figeljl gives the circuit for the first divider stage together with 
waveforms, This may be taken as a standard example of frequency division 
by the use of a phantastron circuit 


Note the following points of the circuit:= 


ts Ampde coupled to grid by 0.6. 

b) Amode held at a potential determined by R.7, Re& and the 
diode Vel2Ac. 

(c) The grid held at a potential determined by R14, 15 and 6. 
R12 determines the potential to which the grid tries to 
rise but is unable to do so because of the diode V.128 

(d) The suppressor is held at a potential lower than that of 
the grid (ami hence of the cathode) by the bleeder network 


783. The positive grid potential causes the cathode to enit fairly 

heavily and raises the cathode to around 24 volts. The suppressor potential 
is fixed at about 10 voltse Therefore with cathode at 24hV. and suppressor at 
1lOVe, the flow of current to the anode is completely cut off and the screen 

is taking the entire cathode current. This drops the screen to about 60V. 


below the supply voltage. 


78he A negative-going 983.2 Ke/s. pip is applied to the grid from Yl via 

the diode VY.12A and c.6 ‘This drives down the grid sufficiently to reduce 

cathode current and bring down the cathode potential to about 9 voltse The 
suppressor bias has now been renoved and current is switched to the amde 
whose potential will begin to fall. The anode would fall sharply if c.6 
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were not there. As it is the anode can only fall as fast as 0.6 can 
discharge through R12 and R11 (Mg.15lb).. Actually, during this stage 

the grid rises slightly (Pigel3lc). This means that electrons are 

leaking away from the grid plate of C6 slightly faster than they are flowing 
to the anode plate from V.2 anods This rise in grid voltage serves to 
compensate for the falling anode voltage and the anode current remains fairly 
constant. This results in the anode falling almost linearly. Ultimately 
the anode voltage gets down to a point of equilibrium at which any further 
fall of anode volts would reduce anode current with a consequent rise of 
anode voltse Hence we say the anode “bottans”". 


785e There is now no further flow of electrons to the anode plate of C6. 
The same rate of leak away now represents a rise of grid voltage and the 
grid climbs rapidly. This grid rise increases cathode emission and cathode 
voltage rises with the grid voltage. The increased emission passes to the 


screen not to the anode 


78. When the cathode potential passes that to, which the suppressor is tied 
suppressor bias again comes into actiom Cathode current is then switched to 
the screen whose voltage falls and the anode current is quickly cut off by the 


Suppressors 


787. The anode tries to return to its ctueoff level but must carry the grid 
with it through the coupling of G6, The anode and grid therefore rise 
together until a further rise at the grid is stopped by V.12B coming into 
conduction. The cathode follows up with the grid and the screen falls 
accordingly, due to increased cathode emission 


788 The grid yoltage is now steady. The cathode potential is fixed by 
the steady cathode current to the screem The screen is now at its minimun 
level. The anode is rising exponentially as C6 charges through &.10. 
Eventually it will reach a point at which the diode V.12A will conduct again 


and prevent any further risée 


789. Having reached this stable condition the next negative triggering 
pulse to come along will start the action over again. 


790. By varying the potential to which the grid tries to rise, that is by 
varying R11, we vary the rate at which electrons leak away from the grid side 
of Geb. This will vary the overall time for one cycle of the phantastron 
action, Hence by suitably adjusting Roll, we can arrange that the phantastron 
astion is triggered off by every sixth 983.2 Ke/se pip. Simee these pips 
occur at intervals of 1.017 microseconds, the Ve2 will complete its phantas-— 
tron cycle in 6 x 1.017 or 61 microseconds. 


79le The square wave from the screen thus has an overall time of 6.1 micro- 
seconds (6 x 1017 microsecomis). This waveform is passed to V.3 via 6.8 
and R17 where it is differentiated, As indicated in Pige131, the cathode 
waveform in a phantastron circuit is always in antiphase with the screen 


waveform, 


792 In taking waveforms from the phantastron circuit it is better to 
use the cathode than any of the other electrodes, since the anode-grid 
capacity will be altered if test leads are put on anode or grid and the 
resulting waveform will not be a correct indication of the circuit action. 


Outline of Circuit. 


793e The test set 202 circuit is shown in fige135. Vel is a crystal 
controlled oscillator. - The crystal frequency of 983.2 Ke/se gives cali-~ 
bration pips et 1.017 microseconds (500 feet) intervals.e The grid 
resistor R1 is.a high value so that the mean grid potential is well 
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beyond cut-off and only negative pips of voltage appear at the amda These 
are used to trigger Vez 


794e + Ve2 action has already been described in paras. 782 to 791. ‘The screen 
waveform of ¥.2 is differentiated by C.8 and R.17 (see Pige135) and passed to 
Ve53 grid This valve is an amplifier biassed almost to cut-off ao that only 
the positive pips of the differentiated waveform appear at the anode where they’ 
are negative going at 6.1 microsecom intervals 


 795e These negative pips are used to trigger the second phantastron frequency 

divider, Vel This stage divides by 10 and the overall time of each phantas- 
tron cycle is 61 microseconds. The preset for adjusting this stage is R.27. 
The output waveform from the screen consists of a positive portion 41 micro- 
seconds in length and a negative portion 20 microseconis in length 


796- Ve5 amplifies, inverts and generally cleans up this square waveform 
from Ve4 screem The result is differentiated by C.18 and R38 so that at 
VelA cathode we have negative pips 61 microseconds apart with a positive pip 


20 microseconds before each negative pipe 


797. Ve6 is the third phantastrom frequency divider. V.12 (VR92) has its 
anode 200 volts below its cathode so that it is non-conducting. The phantes- 
tron action is started by a negative pip and Ve6 anode begins to fall. When 
it has fallen almost 200 volts, a positive-going pip will be passed by Vell to 
¥e6 anodee This stops the fall of anode voltage and starts the flyback 
portion of the phantastron cycle. The flyback is rapid (C.22 charging through 
Re 44) and the circuit has reached its stable state before the next negative pip 
errives 20 microseconds later. This gives a 20 microsecond negative pulse. 


at ¥.6 screen 


798 The repetition frequency of the 20 microsecond pulse depends upon the 
potential to which the grid leak of Ve6 is returned. When the switch marked 
"Rep, Freq’. is set to 600 o/s., the grid of V6 is returned via R45 and R46 
to the potential of the slider of Re47. If we examine the waveform at Ve6 
cathode or the output waveform as described in paragraph 801 (c)(1), we can 
observe the division ratio of this valve. If B47 is so adjusted that 
division is by 27, then a 20 mtcroseconi pulse occurs at the screen every 2/7 x 
61 microseconds which is equivalent to a frequency of 606 c/s. If we vary the 
slider of R47 the repetition frequency of the 20 microsecond pulse can be 
_waried above or below 606 c/s. When the switch marked "Rep.Freq" is set to 
1200 c/se Ve6 grid is returned via R45 to the slider potential of R48 If 
R48 is adjusted so that Ve6 is dividing by 14 the screen waveform will be a 
20 microsecoml negative pulse at a frequency of 1170 c/s. Moving the slider 
of R48 will vary the repetition frequency above or below 1170 c/s. 


799e The screen waveform from V.6 is squared up and inverted by V.10 and 
passed via the cathode follower (V.9) to the 20 microsecond output plug at an 


output impedance of about 200 ohma. 


800. Ve7 is an amplifier for the calibration pips which are passed to the 
cathode follower, VeS Ve has a variable bias control, R.62 (marked “Amplitude* 
on the potentiometer rack) giving variations in amplitude of the calibration pipse 
The negative output is taken from the anode which has a low value resistance 
load (R.63)e The positive output is taken from the cathode. 


To Check Dividers. 

80l Trigger monitor type 28 with the 20 microsecond pulse from test set 
202.  Comnect the 50). positive output from test set 202 to the input plug of 
the monitor. 


(a) Division by 6. 


Set calibration interval switch to 500 feet. Set monitor T/B 
to 100 and Amplification to X20. ‘The level of every sixth 
calibration pip should be lower than the others. If not, 
adjust Rell (marked "X6") on the potentiometer rack of TeSe202, 


c.0D.0896 L 





UNDERNEATH CHASSIS 


TEST SET TYPE 202 


FIGI33A FIG 133) 


C.0.0896 L 








~ —— 
ener -Y se a 





LEFT SIDE OF CHASSIS 


TEST SET TYPE 202 


C.D.0896L 


(b) Division by 10. 
Switch to 10,000 yard calibrations. Set monitor 7/3 to 100 
ami euplification to X5. The output should show large pips 
at 10,000 yard intervals with smaller intermediate pips at 
1,000 yard intervals, and still smaller pips at 500 feet 
intervals. Nine 1,000 yard pips should appear between each 
pair of 10,000 yard pips. If not, adjust R27 (marked "x10") 
on potentiometer rack, 


Notez=- This breakthrough of intermediate calibrations is due to the fact 
that Co3u. and Ce33 feed a small fraction of the 500 feet and 1,000 
_ yards calibration pip voltages on to the positive output ciroult. 


(c) 20 microsecond pulse repetition fre . 
€3) a o/s 
ration Interval Switch to 10,000 yards, 


Rep. Freq Switch to 600 c/s. 
Monitor 28 T/8 set to Freq. 
Anpiification set to Direct. 
Monitor Time Base Start turned fully clockwise. 
27 calibration pips should appear on the time base. Adjustment 
is by Re47 (marked "600 c/a."). The actual repetition frequency 
when dividing by 27 is 606 o/s. 
(441) 1200 o/s. 
AS a with RepeFreq switch set to 1200 c/a lL 
calibration pips should appear on the time basee 
Adjustment is by Re48 (marked "1200 c/s."). The actual 
repetition frequency when dividing by 14 is 1170 o/s 


Calibration of Monitor 26 


802, The monitor 28 time base is not perfectly linear and the xX-shift 
calibrations are therefore only approximate. The monitor time base may be 
calibrated from the test set 202, If the monitor is directly calibrated by 
this means care must be taken to see that the position of the time base start 
remains fixed. Purther, it is necessary to have one fixed position for the 
X-shift since any movement of the time base will result in incorrect cali~. 
bration owing to the non-linear time base. 





The H.2.Se He aml Markers. 


603e The He2Se markers are pulses produced in the 25 equipment at 
variable periods of time after the back edge of the 20 microsecond pulse, The 
He2eSe transmitter firing is also oontrolled by this 20 microsecond pulse, but 
owing to a delay in the spark gap, the camencement of the trananitter pulse | 
does not ocow until nearly 2 microsecomis after the em of the 20 microsecond 
pulse. Now the commencement of the transmitter pulse represents zero time ani 
hence sero range and is the instant at which we start to measure the time 
interval for the production of our height marker for any height. For a height 
of 20,000 feet, the height marker must be produced at a time after the trans-. 
mitter pulse equivalent to the echo time fram a reflector at 20,000 fect 
distance. With the monitor 28 we are able to vary the start of the time base 
by a variable time up to about 5 microseconds depending upon the setting of 
the Time Base Start control, . Therefore, if we put the transmitter break 
through pulse on the monitor we oan on most monitors, adjust the start of the 
monitor time base to correspond with the beginning of the tranamitter pulse. 
The start of the monitor time base then represents zero time. If we mow put 
the test set 202 calibrations on to the monitor we shall have a means of 
measuring time from zero time and we can ensure that the height ani range 
markers are produced at the correct instant of time for any particular setting 


of the height and range controls. 


Use of T.S 202 for setting wp He 2eSe Markerse 


80he (a) Check 1.S.202 dividers as per pares SOL, 
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Synchronise the modulator 64 with the TeSe202 to run at as neerly as 
possible the same peref. as when triggered by the De-timing pulse. 
This can be done as followst~ With the modulator 64 triggered by the 
Tx-timing pulse ani the monitor 28 triggered from the violet Pye on 

the modulator 64, mark the beginning and end of the T.B. sweep on 
the monitor screen when the TeBe switch is in the "Freq" position 
Now trigger the modulator 64 from the T.S,202 and adjust the 600 

o/s preset to give as nearly as possible the same length sweep on the 
monitor as before.e 

ad) T.eBe switch to 10 and input switch to "Direct". 

Connect He2eSe red Pye plug to monitor input through a 1K. resistor. 
Adjust suppression control to set between 2 notches to remove all 
suppressione The monitor display will then show the Tx pulse 
breakthrough and the range markers Turn the gain control to 
minimum On some receivers it may be difficult to set the 
suppression control to allow the transmitter to break through 
although this can usually be arranged. 

(f) Now adjust the T.B. start control to bring the leading edge of 
the Tx pulse to the beginning of the T.Be The start of the 
TB. now represents zero time andi the T.Be start control must be 
left set in this position If the T.Be sweep shows a tendemy 
to cremp badly at the beginning it may be possible to clear the 
fault by replacing G15 in Ve3 cathode circuit, 


te Trigger the monitor 28 from the modulator 64. violet Pye Pluge 


805. Now comect the T.S-202 and the monitor as follows:~ 


(a) 5 volt negative output from 202 to monitor input through a IK 

resistor. 

(b) Set calibration interval switch to 1,000 yards. Set Rep. 

Freq. switch to 600 c/se 

(c) Using the 10 microsecond time base identify the first 1,000 
yard pips 

(a) Switch to the 500 feet (1 microsecond) calibrations and 
count the time in microseconis from the commencement of the 
time base to the first 1,000 yard marker The first 1,000 
yard marker occurs 6.1 microseconds after the end of the 20 m 
microsecond pulses _ But the start of the time base has been 
delayed, - This delay is the amount that we delayed the time 
base start to correspond with the delay in the spark gap and 
the IeFe stripe There is also a small delay in starting the 
monitor time base.owing to the fact that the back edge of the 
20 microsecond pulse is not straight This latter delay may 
vary from one monitor to another. The time from the start of 
the time base to the first 1,000 yard marker will probably be 
about 2 microseconds. 

(e) Having found the time from the start of the time base to the 
first 1,000 yard pip, switch to the 100 microsecond time base aml 
set the calibration interval switch to 1,000 yards, We now 
know the time from the start of the time base to the first 1,000 
yard pip represents 6.1 microseconis, so that now our monitor is 
set to measure from zero time, 


Che ng of Height Maerker Setting. 


B06, With the TS 202 ard monitor 28 still connected as in paras 805 put 
the height marker on the monitor. To do this connect the white Pye plug on 
receiver-timing unit to the Monitor input through a IK resistor. Press 
He2eSe "LeTs ON“s The monitor should now show the height marker together 


with 1,000 yard pipse 


807. %If the first 1,000 yard pip represents 2 microseconds from zero time 
when the first 1,000 yard pip represents 1,000 feet (500 feet per microseconi). 
If it were 1.5 microseconds, it would be 750 feet. Each subsequent 1,000 
yard marker will represent an increase of 3000 ft. and our second 1,000 yard 
marker Will be somewhere about 4,000 feete Set the height drum to whatever 
figure corresponds with this second 1,C00 yerd markers It is not advisable 
to use the first 1,000 yard marker owing to inaccuracy of the height marker 
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below 2,000 feet. If necessary, adjust the height sero so that the height 
marker coincides with the second 1,000 yard pipe Move the height marker 
along by 1,000 yard steps, checliing that the height drum reading increases 
by 3,000 feet steps. If the tracking is incorrect it may be advisable to 
adjust the height zero at samewhere arouml 20,000 feet since we are concerned 
more with accuracy at operational heights than at the bottom of the scale. 


Checking of Range Marker. 


808 (a) Leave the connections as in the previous paragraph. 

bee Set height to 20,000 feet. Adjust range zero so that the 
range marker coincides with height marker when the range 
drum is at zeroe The He2eS. range switch should, of course, 
be on 10/10 range. 

(c) To check tracking of range marker set the height controls to the 
100 yard marker nearest the 20,000 foot point ami advance range 
marker by turning the range drum so that the renge marker occurs 
1,000 yards after the height marker. The range indicated on the 
range drum should be 1.9 nautical or 2.2 statute miles, according 
to which scale is in use 

(ad) Contime advancing the range marker by 1,000 yard steps, 
checking the range with the Pigures given in the table below. 


| Range Marker Range in Miles | 





Height from Height 
Marker Nautical Statute 
1,000 ydse de Zed 
2,000 cei 502 
3,000 305 4eO 
4,000 . 4el be 75 
20,000 feet 5,000 he f be 5 
6,000 503 bel 
4,000 eG 6.8 
8,000 665 Te& 
9,000 729 80 
10, 000 7-6 87 





(e) It is not necessary to check all these points; a few of the 
more convenient ones may be selected. | : 


Note:- The figures given in the table above are correct to «1 of a mile. 
Since it is not possible, under working conditions, to read the range scale 
to this degree of accuracy, it is mt to be expected that these exact figures 
will be obtained. Greater accuracy of range is needed at ranges between 4 
and 7 miles, and it may be necessary to adjust the range zero at same point 
within these two ranges by setting the range drum to one of the values given 
in the calibration table, and adjusting the range zero to obtain coincidence 
with the corresponding calibration pipe This difficulty will only arise if 
tracking cannot be obtained over the whole scale. The differences introduced 
by setting the height control to the 1,000 yd. marker nearest the 20,000 foot 
point instead of 20,000 foot will be less than the possible accuracy of reading 


on the range dmm, 


809. An alternative method of calibrating the markers may be used if the 
radar workshop is fortunate enough to receive an echo of definitely known range, 
providing this is not less than two miles. The height drum is set to the 
range of the echo and the height zero is adjusted to give coincidence between. 
the height marker and the known echo on the height tube The range control is 
then set to zero and the range zero is adjusted for coincidence between range 
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and height markers. The 10/10 position of the range switch is, of course, 
used for this setting up. ‘Tracking can then be checked on the test set 202, 
The Time Base Start setting in this case is not important since the zeros 
have been set up from the known signal. The height and range tracking can 
‘be checked by 1,000 yard steps as already described, Since the calibration — 
pips from the test set 202 are known intervals of time and hence represent 
known intervals of range, it can be seen that the test set 202 really provides 
ys with signals of known range by means of which we can accurately check our 


height and range markers, 


810. With some monitors type 28 it may be found that using the timebase 

start control to bring the leading edge of the pulse from the voltage monitor 
point on the modulator 64 to the beginning of the scan, results in cramping of 
the pulse due to a nomlinear scam In a number of cases it has been possible 
to clear this trouble by replacing C15. tf difficulty is experienced in deter 
mining when the leading edge of the pulse coincides with the beginning of the 
scan, or if the range of adjustment on the TeB. start control is not sufficient 
to bring the Transmittex pulse to the beginning of the scan, it may be preferable 
to proceed as follows:~ - : 


(a) Get the Transmitter pulse well to the left of the timebase. 
with the X-shift and put a mark on the perspex screen to 
coinnide with the leading edge of the pulses 

(b) Proceed as in para. 805(a), (b) and (c) and put a mark on the 
perspex screen to coincide with the leading edge of the first 
1,000 yard marker. 

(c) Switch to the 500 feet (1 microsecond) calibrations and 
determine the mmber of microsecoms between the two marks 
on the perspexe This gives the time between zero time and 
the first 1,000 yard markers 

(a4) Proceed as before when the time from zero time to the first 
1,000 yard marker has been found. 


Bll. A method of calibrating the monitor 28 for aircraft adjustment of 
the height zero for accurate height indications at 20,000; ani range zero 
adjustment for accurate range indication at 4 miles, is outlined in chapel2, 


parade 950. 
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TEST SE TYPE 83 (1098/120) 


Use. 


812. This test set is a thermocouple unit which is used in conjunction with 
& wiipivot thermal millivoltmeter to measure the field strength of the magnetron 


output. 


Qperation. 


813. (a) Set the thermocouple on its stand about 12 feet away from the 
He 2eSe aerial. Ensure that the dipole elements of the themo= 
couple are in the same horizontal plane as the mouth of the 
scanner waveguide ani that there is no obstruction between the 
He2oS aerial ami the test sete 

(b) Place the unipivot meter on the bench near the He2eSe transmitter 
unite Connect the lead from the thermocouple to the meter 

(c) Switch on 2S, and adjust the scanner mirror for meximm meter 
readings 

(ad) Adjust the RF. output adjustments on the transmitter unit for 
maximum meter reading. 


Limitations, 


8lue It must be remembered that the reading obtained is only an indication ; 
of how much Res energy is being radiated. There is nothing to indicate whether 
the power is on a single frequency, mixture of frequencies, or jumping between 
different frequencies. <A high indication on the meter is not necessarily an 
indication of a good magnetrom Within this limitation the meter reading 
provides a means of comparing the output of the same transmitter unit at different 
times or with a@ifferent components, and of comparing the outputs of different 
transmitter unitse 


. TEST SET 85. 





815. This test set has largely replaced test set 83. The principle of 
its operation and the method of use are similar. The meter used is.of a 
plug-in typee It may be pligged in at the rear of the thermocouple or used 

on a lead in the same way as the unipivot. | 
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The Signal Generator Type 47 (10s8/143) 


Uses. 


816. The signal generator type 47 is designed to provide an RF. output 

at wavelengths between 9.0 ami 9.2 ams. This output is available either as 

OeWe OF MeCGeWe consisting of bursts of RF. of about 500 microseconds duration 

separated by equal quiescent periods. A calibrated output circuit is provided 
which can be used to compare the overall sensitivity of the 2S. receivers 


b) Layouts are shown in figse 136 and 137 


% The panel is shown in fige136 
c) The circuit is shown in fige1358. 


Power Supply. 


817e 80V.AeCe is applied at the 2-pin plug on the panel ani fed through 

an ReFe filter to the power transformer, T.2, and the heater transformer, TL 

A three-position power switch appears on the panel. The positions are labelled 
tore", “L.T." and "HT." This is the switch, S1, in the circuit diagrem. 


te} In the "OFF" position, the input to both 7.1 and 1.2 is broken 
b) In the "L7." position the input to Tl is completed and the 
heater supply is developed for the rectifier, Ve1, the modulator, 
Ve2Z and the klystron oscillator, VeJe | 
(c) In the "HT." position, the input to 1.2 is also completed ani 
Vel develops a <1,8Ky. output for the Klystron. 


818 The ~1l.8Ve EET, output is anmoothed by L.1, C1 and G2 and applied 
across the bleeder formed by Re4y Re5, Reb, Re7, Re& ‘The klystron electrodes 
are tapped in on this bleeder. Stebilisation is provided by the neons, V.35, 


Ved, Ve 55 Ve 6. 


819. If m other test equipment requiring 80V. AeCe is being used the SOV. 
input can be taken from the 2-pin on the He2eS- junction box. If it is desired 
to use additional test gear requiring an 60V. input some form of junction box 


like the type 80 (10AB/1850) must be used. 


The Klystron Oscillator Controls. 


820. (a) V-7 is a CV.67 reflector klystron The panel control 
labelled "Reflector" is the potentiameter, RS, which serves 
to vary the potential of the reflector relative to the earthed 
rhumbatron to obtain the reqrired feedback to get oscillation. 

(b) The panel control labelled "Grid" is the potentiometer, R4, 
which is used to vary the bias on the Elystrom This provides 
additional control over the klystron feedback as it serves to 
vary the intensity of the electron stream By auitably 
adjusting both the "Grid" and "Reflector" controls stabic 
osaillation can be obteined over the entire range from 9.0 = 


9e2 cmSe 


821. The fine tuning plimger is driven by means of the panel knob 
lebelled "Tuning". The wavelength of the oscillations is given approxi- 


mately by the calibrated tuning dial 


822, The Ree output is taken from the resonant cavity by means of the . 
usual coupling loop. ‘This loop forms part of the circuit of a bolometer lamp 
whose filament glows with a brightness that depends on the strength of the 
RF output The coupling of the output loop is variable by means of the 
output knob which appears at the centre of the wavelength diaL 


' fhe Calibrated Output Circuite 


823 The output taken from the cavity via the bolometer bulb is radiated 
into a piston attenuator which feeds the output plug. The output at the plug. 
will depend on the length of the attermatore ‘The knob on the panel which 
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tracks over a scale graduated in decibels varies the length of this 
attemator 


B2he Obviously, what absolute output is represented by any specific 
attemator setting depends on the input to the attemator. This input, 
in turn, depends on the setting of the coupling loop. How much power is 
being taken from the cavity by the coupling loop is imiicated by the glow of 
the bolometer filament. This filement is visible through a small aperture 
in the front panel. The coupling is normally set 50 that the filament just 
glows and the output is then regarded as stamiard. If the signal generator 
4s connected to a 75 obm dummy load and the bolometer glow set to the point of 
just fading. out the 0 db. position of the attemuator dial will give an output 
of approximately 60 millivolts. The attemuator reads in “decibels down". 
That is QO db. means gero attemation , 


The Modulation Circuit. 


825. The cathode of the modulator valve is taken by means of switch to the 
~1800V. line and the grid is taken via the stopper, Re2, and the blocking 
condenser, Ce3, to a tap 200V. up on the secondary of 7.2 If the cathode 
switch is closed V¥.2 operates as a squarer stages The 200Ve 10000/s-, input 
swings the grid between saturation and cut-off to provide a 1000 o/s square 


wave at the anodés 





826. The cathode switch appears as a knob with two positions labelled 

"Op," and "C.We" In the CeW. position Ve2 cathode is floating and the. valve 
is inoperative. The anode potential is then the same as the potential of Re4+ 
slidere Ve3 grid is then at this same slider potential. The klystron 
controls will be set up with S2 in the C.We position The setting of R4 
will then fix Ve3 grid at a suitable potential relative to the cathode for 
stable oscillations. When Se2. is set to "MOD" V.2 anode will be up at R4 
slider potential for the 500 microsecond cut-off periods and about 250V. below 
this value during the 500 microsecom conducting periods. These 250V¥. drops 
will out the klystron off. The output will then consist of 500 microsecond 
bursts of Re Fe separated by 500 microsecond quiescent periodse 


827. It follows then that when S.1 is set to mop. * the bolometer current 

is only flowing haif the time. Hence, for equal glow, the input to the piston 
attemator must be twice as large. To have! the same peak output on the aerial 
the attemuation should therefore be doubled when switching from C.We to MOD» 
with the coupling set for the same glowWe But doubling the attemation means 
the attemation figure in decibels should be increased by 3 For exemple if 
the dial reads an attemuation of 20 db. in the GeWe position, the seme peak 
voltage is applied to’ the aerial for an attemation setting of 23 db. when the 
output switch is set for "MOD. and the coupling is adjusted for the same glow. 


Setting-up the Generator Controls. 


828 (a) Connect the 80V¥. 1000 c/s input from the junction box to 
the SeGe47 and switch on LT | . 
te Set the tuning control to 9.1 cms. 
c) Adjust the coupling to a midway position | 
ad) Set the reflector voltage control to a midway positiom 
te Set the grid voltage control fully anticlockwise. 
f) get the attemator control at sero. : : 

gz Switch on H. Te 

tg Advance the grid voltage control clockwise until the 
polemeter bulb glows. 

(4) Cheok the setting of the reflector voltage control by noting 
that anticlockwise rotation results in disappearance of the 
glow (indicating cessation of oscillation) and that further - 
clockwise rotation results in reappearance of the glows — 
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(3) Contime the clockwise rotation of the reflector voltage 
control. The glow will normally rise slowly at first, then 
peak sharply, and with further rotation will fall slowly. 
if the control is set just past the peak on the slowly falling 
side stable oscillation will be obtained, 


(k) Attach the mirror and aerial assembly to the output plug of 
the SoG. 47 and line up the He2eSe scanner to pick up the 
radiation, 

(1) The SCe 47 output may be piped into the transmitter unit by 
using the uniradio 21 feeder, connector Type 1179 (10H/2807) 
and the Adaptor Unit Type 76 (104B/6005). 


Comparison of Overall Sensitivity of Sets. 


Principle. 


829 The sensitivity of sets can be compared by determining the comparative 
strength of signal input required to give the same signai-to-noise ratio for 
a given noise amplitude. For example, if we adjust the gain of the receiver to 
show i" of moise on the monitor 28, and then apply nS.G 4/7 signal of such a 
strength as to give a signal + noise amplitude of 3", the signal output must 
actually have an amplitude of 7" The signal-to-noise ratio is then 1:1. 
From the attenuator dial a reading can be obtained corresponding to the output 
necessary to give a 1:1 signal-to-noise ratio in the receiver output from a 
good set, or several good sets. In this way a standard signal input figure 
can be obtained. Sets suspected of low sensitivity can be checked by comparing 
the attenuator reading required to give the same signal-to-noise ratioe As 
the required attemator reading falls, the sensitivity of the set umler test is 
falling since a lower attenuator setting means a higher input. Obviously, any. 
comparative tests meqa.re operation with the same gion value on the signal 
enerator and the n setting of the receiver icient ow to prevent | 


saturatiom 


Method. 


830. (a) Apply the H&S. receiver output with the transmitter running 


to the-monitor 
(b) Turn the gain up to about 4 maximm for a noise level of about 
wv 


(c) Switch on the S.G47, set up as in para, 828 and adjust the tuning 
until signals appeaf® which lift the whole trace to saturation 
Two tuning points should be found of which the shorter wavelength 

| should be used, Use the CeWe setting of the output switch 

(a) Reduce coupling until the glow of the bolometer bulb is just 
disappearinge 

{e) Turn the attemator diel until the signal is not saturating the 
He2eSe receiver and then check the SG47 tuning for maximm 
signal amplitude, ? 

f) Set output switch to "MOD," 

ts Readjust coupling until bolometer glow is just fading out. 

The receiver noise am the pulsed ReFe signal will now be seen 

(h) Adjust the attemator until the top line of signal from the 
SeGo 4&7 sits on top of and is just distinct from the receiver 
noise, The signal + noise amplitude must now be double the 
receiver noise amplitude. The SeGe4/ is now providing an 
output signal whose amplitude is such as to give a 1;1 signal 
to noise ratio. The attemator dial reading gives the comparative 


sensitivity of the set. 
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(i) Other canbinations of transmitter ami receiver can be tested 
4n the seme ways By camparing the attemuatinn reading with 
the value obtained with a known good set or mean value from 

- @ group of known good sets the sensitivity can be assessed as 
good or poore , | 


83]e The noise contributions of different transmitter units can be assessed 
by using them with the same known good receivers ‘ 


832. Different receivers can be compared by using then with the seme Imown © 
good transmitter unitae : 


833. The head amplifier may be checked by taking measurements with the 
head amplifier in circuit and with the head amplifier by-passed by feeding 
straight from the mixer to the green Pye input on the receiver. 


834. Crystels can be tested for sensitivity by using them in the same set 
ani comparing the attemator readings. 


835. Testa on CV.43's indicate that if the attenuator reading goes up by 
more than 2 db. when the test is made with the transmitter switched off, or 
with the CVe43 probe lead disconnected, the CVe45 is faulty. Faulty CV. 43's 
may, however, pass this test. . 


836. Tests on the scanner and high power feeder can be made by making a 
comparison when the scanner and/or the feeder is changed. 


Limitations of the Signal Generator Type 47 


837. Since the SeGe47 provides an output in the 9.0 = 9.2 cm. bard, it 
is not suitable for use with the Ha2.Se Mark ITIAe It may, however, be used 
in the same general way with other cm. equipment operating in the 9 cm band. 


The Cambridge Flwaneter. 
Usee | 


838 The Cambridge Flumeter is a test instrument available in limited 
quantities for measuring the field strength of transnitter unit magnets. 
It consists of a centre-zero meter and a suitable search coil, Different 
coils are required for use with the 2S. Mark ITA magnets than with the 


He2.Se Merk IIC magnets. 
Details. 


839. Levelling screws on the legs ania spirit level on the dial ere provided 
to permit accurate levelling of the meters Mechanical control in the meter 
is negligible so the pointer does not tend to return to any definite zero but 
is inclined to stop at the point on the scale to which it is deflected when 
the search coil is passed through a magnetic field If the pointer tends 

to drift the instrument is not accurately levelled, 


840. A push-button is available on the meter to return the pointer to zero. 
It is not necessary to make this adjustment when using the meter. Readings 
can be computed by determining the total mamnber of divisions through which the 


pointer defleots when the search coil is used. | 


 @41, The search coil is connected to the two meter terminals. Polarity 
is immaterial. 


Measurementse 


842, (a) Level the meter by adjusting the levelling screws until the 
spirit level bubble is centred. . | 
(b) Tests should be made with the cover on the transmitter unit. 
It is, therefore, desirable to retain a cover with a hole ‘a 
cut in the side of sufficient size to permit insertion of 
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-the search coil between the jaws of the magnet. 


{c) Insert the search coil between the jaws of the magnet and 
note the meter reading when the pointer comes to rest. 
Pull the coil out sharply and note the new reading when the 
pointer comes to rest Determine the mmber of divisions 
through which the pointer is displaced, 
S Repeat (c) with the coil turned upside dom. 
Mean the two deflections. 

Convert mean deflection to gauss by means of data or 
formule supplied with the ooil. 


Valucse. 


843. (a) It has been laid down that magnets for Mark TIC 2S. should 
| not have a field strength of less than 1250 gauss if reliable. 
operation is to be obtained. A magnet tested without the 
cover on should show a field strength of 80 ~ 100 gauss above 
this value. 


(b) Magnets used in the TR 3555 series transnitter units should 
have a field strength of at least 3000 gauss when tested as 


aboves 


The Cable Tester Test Set 209. 
Use. | } | 
¢ 
Bile This test set is provided to test:- 


a) Contimiuty of cable cores. 
b) Insulation of individual cores to earth . 


845. The set runs off either an 80V. 1000 oycle or 230 volt, 50 cycle 


supply. The 4epin power input plug appears on the front panel. Pins 1 and 
_2 mast be used when the 80%. supply is used and pins 1 and 4 when the 230 volt 


meins are used. 


Details. 


846. For insulation tests an assembly is provided which will take plugs of 
all the types employed. This assembly is commected to the test set by means 


of an li-way cable. 


847. <A second similar assembly is provided which has mo external connections 
‘This is used in conjunction with the first for insulation tests. . 


Indications. 


845. (a) Visual indications are given by means of a magic eye indicator on the 


test set panel, 
(b) The eye opens if a contimity test is made on @ cable which is 


opemcirouited or shows a high DCe resistance. 
(c) The closes on insulation tests when the insulation falis below a 


value to which the test set is calibrated, 


Controls. 


| a) Details of the panel and circuit are shom in figs.140 and 41 
bd) The use of these controls in making tests is given below. 
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Measurement of Insulation to BKarth 


850. To calibrate for insulation tests press in the push-button marked 
"CALIBRATION" and put the two-position switch to "MEGOHMS"{. Set the calibrated 
"WEGOHM CONFROL" to 15M. and adjust the preset labelled "CAL, 15M". until the 
magic eye just closes. 


851, (a) Connect the cable to be tested to the appropriate point on the 
| insulation test assembly. Leave the other em of the cable free. 

(b) See that the two-position switch is set to "MEGOHMS" and that the 
*CALTBRATION® push=button is pulled out. 

(c) For a mltiple core cable seé@ that the "SELECT PIN" switch is 
turned to the mmber of the core umier teste For pins l= 9 
the snap switch above the "SELECT PIN" switch must be to the left 
and for pins 10 = 18 it mist be to the right. 

(a) If the insulation on any core is low the magic eye indicator 
closes wholly or partially depending on how far the insulation 
is down By adjusting the "MEGOHM CONTROL" until the magic 
eye is fully open the insulation vaiue can be read off the 
calibrated dial. 


Continuity Testing. 


852. To calibrate for contimuity tests, push the "CALIBRATION" button 
in and set the two-position switch to "OHMS", Set the calibrated "OHMS" 
control to 1 ohm and adjust the preset marked "Cale 1 OHM" until the magic 
eye just closes, 


853. (a) Connect one end of the cable to be tested to the insulation 
test asseably and the other end to the contimiity test 
assembly which servés as a shorting bare 

(>) See that the "CALIBRATION" push-button is pulled out and the 
two-position' switch set to "OHMS", 

(c) Use the "SELECT PIN" switch and the snap switch above it as 
veforee If, as the "SELECT PIN" switch is moved from om 
position to another, a core is encountered which has a high 
DeCe resistame or open-circuit the magic eye will open 

(a) The resistance can be measured by adjusting the calibrated 
"OHMS CONSROL" until the eye again closes then reading the 
value off the calibrated dial. 


Limi tations. 


854e Without adaptation, the test set cannot be used for measuring inter 
core insulatior If such a breakdown is suspected a megger must be used for 
testing. | 


} 
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The Test Set 205 or 205A. 


Function. 


855. This test set is used to lin up the TR.3555 series of transmitting 
uuits. These transmitter units require the following adjustments:- 


(a) Matching the magnetron to the waveguide for maximm power 
. output consistent with frequency stability. 

(b) Adjustment of the mixer piston to match the crystal to the 
mixing chember in order to obtain the maximm I.F. power for a 
given signal input to the mixing chamber at the magnetron 
Prequency.. : | | 

(c) Tuning the TR. cell for maximum response to signals on the 
transmitter frequency and hence for maximum input to the 
mixing chamber. 

(a) adjustment of the anti-TR. chamber piston to effectively make 
the transmitter channel offer a high impedance to the incoming 
Signels so as to direct the maximum flow into the receiver 
branch line. 

(eo) Adjustment of the klystron operating conditions for satisfactory 

frequency stability and porer output to the mixer. 

(f) Tuning the klystron 45 Mo/s. off the magnetron frequency for 
maximum I.F. input to the head amplifier when the tranamitter 
works as a complete unit. 

(g). Adjustment of the C.W.1.D. input to the mixing chamber for optimm 
heterodyning as indicated by a mixer current value determined 
from experience, 


The test set 205 or 205A is used to make the adjustments (a), (b), 
(o), (d) and (f). . 
The Test Set Channels. 
856. fe The circuit details are shown in fig.142. 
b) The controls discussed in the following paragraphs appear | 
on the panel layout shown in fig.143. 


8572 How the test set performs its various functions can most readily he 
appreciated by following the various chammels employed on the circuit 
diagram, 


“ 


658 The four-position waveguide switch, S.1, has its input channel 
connected to the transmitter unit. Position 1 feeds the R.F. input into the 
dummy power load. The power flow canses the nsons V.12 and V.13 to take a 
current proportional to the power input. This ourrent is indicated on the 
O = 100 microameter when the selector awitch is in position 1. By adjusting 
the RF. output matching adjustments for maximum meter indication the 
msgnetron is matched to its output channel for maximm power output. 


859. At the same time some R.F. power leaks past the waveguide switch 

into the wavemeter channel. By tuning the wavemeter cavity to the magnetron 
frequency the maximum input will be applied to the crystal, V.10. If the 
P/I.F. (pulse/X.F.) switch is set to "P." the negative-going rectified pulse 
envelope is applied to the grid of V.1, V, and ¥.2 operate as a video 

amplifier. The negative-going amplified video pulses are applied to the 
diode ¥.5 which passes bursts of current into C.15. These are smoothed by 

the long time constant, R.2 and C.15, to impress on V4 (magic oye) grid a 
negative D.C. voltage which is a maximm when the orystal output is a maximum, 
4,e., when the wavemeter oavity is tuned to resonate the magnetron frequency. 

The wavemeter dial setting then indicates the frequency of the matohed magnetron. 
The acale reads from 0.5 to 3.5 indicating wavelengths from 3.05 oms. to 3.35 cms. 


860. The V.9 stage with its associated power pack (V.7, V.6, V.5) is basically 
similar to the local oscillator and power pack in the TR.3555. If V.9 is 
tuned to the magnetrom frequency it can act as a source of 0.W. at the 
magnetron frequency. The signal can then be used to tune the 7.3555 T.R. 
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cell and mixing chamber to the magnetron frequency. It can also be used to 
beat with the TR. 3555 local oscillator output to tume the kKlystron 45 Mo/s. 
off the magnetron frequency. When the waveguide switch is set to position 

2 the output from V.9 is launched into the wavemeter channel (via a probe as 
shown). Some of the power is rectified by the klystron crystal, Veil, and the 
current can be measured on the microammeter when the selector switoh is in 
position 2, If the P./I.F. switch is set to "P", the selector switch (S,5a) 
provides a variable shunt across the mter, The klystron controls can then 
be set up to get a meter indication when the klystron is oscillating, 


861, When kiystron tuning is adjusted to the frequency sat which the wavemeter 
cavity is resonant, i.e., the magnetron frequency, the C.W. is rectified by the 
crystal, V.10. A built-in mica washer acta as a smoothing condenser am the 
negative D.C. voltage developed is applied to terminal 35 of the selector switoh 
Hence, by setting the selector switch to position 3, the klystron can be tuned 
to the magnetron frequency by tuning for maximm meter indication. ‘The 
sensitivity switch setting can be varied as tuning proceeds, 


862. If the waveguide switch is set to position 3 the test set klystron 
outprt is fed into the waveguide channel labelled "Waveguide output for 

tuning mixer and T.R. cell". With the Klystron previously tuned to the 
magnetron frequency we now have a 0.W. input in this channel atthe magnetron 
frequency. A short piece of ciroular waveguide termed a "dumy 7.R. coll" 

is provided with the test set. This section oontains a "lossy iris* i.e., an 

iris that absorbs power. The power loss is that which should occur in a 

good T.R. cell of the C.V.11i type when correctly tuned. The mixer chamber 
from the transmitter unit is removed and fitted on top of the dummy T.R. cell. 
fhe crystal rectifies the C.W. input to produce a negative D.C. voltage whose 
amplitude depends on the tuning of the mixing chamber. This D.C. component 

is taken via a Pye lead from the mixer to the Pye plug on the front panel of 
the test set, This plug is connected to contact 4 of the selector switch and 
the negative meter terminal. Henoe, by setting the seleoto- -nitoh to positior 
4. the mixer chamber piston can be adjusted for maximum response at the magnetrar 


frequency as indicated by maximum mter reading. 


863. Once the mixer has been tuned the dummy T.R. cell can be replaced by 
the actual TR. cell which can be tuned for maximum response on the meter. 


86h. If the mixer chamber and 7.R. cell are now replaced in the transmitter 
unit, both should give the best response to the magnetron frequency, i.6., to 
the frequency of the klystron in the test set. If the waveguide switch is now 
set to position 4 the klystron output is fed into the transmitter unit where it 
is passed through the T.R. cell to the mixer. If the mixer output is camected 
by Pye lead to the Pye plug on the test set panel, the smoothed negative D.C. 
voltage obtained from the reotified C.W. is applied to terminal 4 of the 
selector switch, With the selector switch in this position the anti-T. RB 
Piston can be tuned for maximum meter indication, When this indication is 
obtained the effective flow into the reoeiver branch line will be a maximina- 


for Re. energy at the magnetron frequency. 


865. The problem still remaining is setting up and tuning the transmitter 
mit klystron to a difference of 45 Mo/s. from the magnetron in order to get 
maximus amplification of signals from the I.F. atrip. Setting up the on 
doses not involve the test set so will not be discussed here. MPuning t 
klystron is done by varying its frequency until a beat frequency of 45 ae. | 
is obtained by feeding both the teat set klystron signal and the transmitter 
unit klystron signal into the mixer. In order to determine when the rage 
is correct we require an amplifier capable of amplifying C.W. of 45 Mo/s. ani 
some form of output meter, § This amplifier is provided by the head amplifier 
in the transmitter unit and V.1 and V.2 in the test set. YV.l axl V.2 were 
used as a pulse amplifier, i,6., a video amplifier, when the magnetron frequency 
was determined by tuning the wavemeter for maximum response on the magico eye. — 
To use the same stages az an I.F. amplifier instead of a video amplifier we 
require Ref. decoupling and a frequency sensitive anode load. This is provided 
when the P/I-F. switch is set toI.F. 93.60 ties the parallel dropping 
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resistors, R19 end R20, to earth through C.8. The 45 Mo/s. tuned circuit 
in Vel anode serves as the anode load. 5.6d introduces C.15 into the 
cirouit to perform the same function for ¥.2. #The beat signal from the 
mixer is applied to the head amplifier stages in the transmitter unit. The 
output is taken from the green Pye plug on the transmitter unit amd applied 
to the Pye plug on the test set panel, When the P./I.F. switch ia set to 
Tele the beat signal is applied via 0.3 and S.6b to V.1 grid. The choko, 
Le2, blooks the signal from the meter. The amplified output from V.2 is 
 yectified by ¥.3 and the smoothed negative D.C. voltage applied to the grid 
of the magic eye, Vee The sensitivity switch, S.5d, varies the cathode load 
of Vel. When the 1.0. in the transmitter uit is correctly tuned the 
switch must be set to minimum to prevent overlapping of the magic eye. 


The HT. Power. Pack. 


866, The power supplies for the test set 205 are brought in on a 6—way ; 

preferably via a junction box 236 arranged to intercept the l2-way violet 

from the J.B.231 to the modulator. Reasons for this arrangement are discussed 

dn paras. 874. - 875. The SOV. A.C. supply comes in on pins 1 ani 2, If the 
panel switoh labelled "Power" is closed the supply is completed to the 

of the H.T. power pack. Ve6 (5Z4G) then provides the H,T. supply for V.1, V-2, 

Ve3 end Vee Heater windings are provided on the transformer as shown, 


867. ‘The single-ended 6.3V. 24 winding also feeds to the metal rectifier 
(shown near the meter) a voltage which can be edjusted by means of the 500 ohm 
potentiometer, R48 The rectified output is taken to the positive side of the 
meter when the selector switch is in position 1 via S.4b. ‘The reotified output 
43 slso taken via the meter to the neons, V.12 and ¥.135, via contacts on the 
- press-button ionising switch and the external power moasurement Jack on the panel. | 
The D.C. voltage applied to the neons depends on the setting of R48, Since 
this voltage determines how heavily the neons conduct, R48 can be adjusted 
for a suitable range of meter readings on RF. power measurements. In proto~ 
_ type oo of the test set a 1.5V. ooll was used instead of the mt 

reotifier. | 


868. It will be noted that + 300V. is also applied via B51 and RB.55 to 

the normally open contacts on the ionising press~button switch, If the Re 
power input is insufficient to make the neons strike the button can be pressed 
to apply + 300V. ‘The resistors, R51 and R255, prevent the current from 
becoming excessive when +300V¥. is applied to the neons. 


869. The power pack for the test set-klystron is fundamentally similer — 
to that used in the transmitter unit which is discussed in Chapter 6, paras. 
388 ~ 39h. The SOV. input to the transformer is completed if both the 
panel switches labelled "Power" and "Oscillator" are closed. V.6 (VI.60A) 
is the variable impedance cathode load of the half-wave rectifier, VU. 111, 
The soreen voltage of Ve6 is obtained from the +300V. line and dropped across 
R45 to 130Ve It is stabilised at this value by the neon, V.5. The 250K. 
potentiometer, R41, permits an adjustable portion of any variation in the 
output voltage to be fed back on V.6 grid as well as varying the actual grid 
potential and effective impedance of V. 6 Adjustment of R41 then varies 
the effective cathode losd of the rectifier and so varies the E.H.T. | 
voltage developed. Any tendency of the output voltage to swing more : 
negative due to a transient rise in the SOV. supply will drive V.6 grid more 
negative due to the increased flow in the bleeder. Hence V.6 impedance 
rises and the output is held at essentially the same level as before. The 
converse action occurs if the 80V. supply falls slightly. V.6 is thus a 
valve stabiliser for the E.H.T. supply to the klystron, V.9. 
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The Klystron Oscillator, Ve9- 


870. V.9 is a reflector klystron of the CV.129 type which is also used in 
the transmitter units of the TR.3555 series. © The cathode potential of the 
kiystron is determined by:= | 


: te The E.H.T. voltage across the klystron bleeder. . 
((b) Klystron current dram through R36, B55 and R54 This current 
will depend on the setting of the grid volts control, Redhe 


871. As the E.H.T voltage which the power pack can sustain will depend on 
the klystron current which consitutes the major drain, there will be inter- 
action between R.41 and B.3he AS B56 will wary the feedback ani hence the 
amplitude of oscillstion, it will have a secondary effect on the required — 
setting of the other controls for a given cathode potential end Klystron 
current. Should complete realignment be required the same type of setting= 
up procedure as is outlined for the trensmitter-umit. Klystron in Ghapter 12, 
paras,.1022 - 1027, should serve to bring the klystron into operationn An 
E.H.T, current indication is obtainable by setting the seleotor switch to 
position 5. ‘The negative side of the meter is then earthed and the positive 
side is connected to the 2.5 ohm cathode resistor of V6. R49 puts a 
fixed 330 -ohm shimt across the mster, In the 205A model an external Jjaok- 
point is provided instead, 


$72. ‘The kiystron is cooled by a blower motor operating on 24V. The 

supply is brought in on pins 3 and & of the Geway power input plug. When | 
- the "Oscillator" switch on the panel is closed, the 24¥. supply to the blower 
moter is automatically completed. 


the Safety Indicators. 


873. ‘The test set panel shows a red and a green pilot lam. The circuit 
shows that a cam and rocker arm arrangement operated by the waveguide switch 
serves to operate these lamps by connecting to them a 6.3V. supply from the 
6.3V. Winding on the H.f. transformer. The green lamp lights when the wave- 
guide switch is in position l. his indicates that it is safe to switch on 
the modulator ami feed the magnetron output into the test set. In positions 
2 end 4 of the waveguide switch the red 1 hts. This is a r 
t switch on the modalator. Fai | , 

ill. reauit in serious damage to the test set. 


The Test Set 205 Safety Circuita. 


87he To protect the test set from the danger of an sccidental switching on 
of the modulator 64. when the waveguide switoh is not in position 1, it is 
desirable that the. modulator should be automatically switched off when the 
switch is set to positions 2, 3 or 4. This protection can be provided if 
the +3007. supply to the OV.73 trigger valve is completed via contacts 
operated by the waveguide switch, To permit this remote control of the +3007. 
supply to the trigger valve the junction box type 238 is incorporated in the — 

bench-testing installation. | 


875. ‘a) The letter coding of the plugs on the JB.238 is shown in fig.1ohe 
| A 4wway cable is teken from the 4-pin test plug on the JBe251 : 
to the plug B on JB.238 This brings the SOV. A.C. and 24V. DC. . 
supplies to the JB.238. | 
(b) The 12-way from the JB.231 to the modulator (carrying the — 
switched +300V. supply) is taken to plug C on JB.238 instead of 
to the modulator. | 
(c) A Geway is taken from plug D on JBe238 to the test set 205. 
his brings the switched +300V. supply from the power unit 
in on pin 5 to one of the contacts controlled by the wave- 
guide switch, An output connection is taken from a second | 








* 
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contact to pin 6. If the waveguide switch is in position 1 the 
supply to pin 6 is automatically completed. In any other position 
the supply is broken, Hence, the +300V. supply is only fed back 
into J.B.238 when the waveguide switch is in the position when it 
is safe to operate the mduiator and magnetron, 

(d) A new l2-way cable is taken from plug A on the J.B.238 to the 
modulator to complete the +300V. supply to the trigger valve when 
t'.e waveguide awitch is in position L 


876. If the test set 205 is taken out of the bench installation the 6-way 


cable from plug D to the test set is connected into plug FP. The +300V. switched 


line is then completed from pin 9 on the 12-pin 0 via pin 6 on the 6-ways D 
ant F to pin 9 on the 1l2-way A and thence to the modulator. 


The Dual Purpose Amplifier, V.1, Vel. 


877. We have already noted the two functions performed by this dual purpose 
amplifier, | The enode of each valve is cormected to H.T. through a 45 Mo/s. 
tuned circuit in series with two 47K. resistors in parallel. When the panel 
awitch labelled "Pulse/I.F." is in the "Pulse" position the resistors fom 
the effective anode load and we have a two stage video amplifier. ~- When the 
switch is in the "I.F," position the resistors are decoupled to earth through 
«001 condensers and the tuned circuits become the effective anode loads to 


give us 45 Mo/s. I.F. amplifier. 
The Selector Switch. 


878 This switch is used to make the appropriate connections to the meter 
during the various stages in the setting-up procedure, 


Position 1 = The smoothed metal rectifier voltage, the meter and the power 
measuring neons are connected in series. The 530 ohm fixed 
shunt, R49, is across the moter. 

Position 2 —- The rectified output of the test set klystron is taken from 
the crystal, V.11, to the negative side of the moter while 
the positive side is earthed, The sensitivity switch 
section, S.5a, is introduced to provide a variable shunt 
across the meter, 

Position 3 - As the test set klystron is tuned, the signal passing through 
the wavemeter cavity to the crystal, V.10, is rectified and 
applied to the negative side of the meter. The positive 
side is again earthed, The S.5b section of the sensitivity 
switch is introduced to provide a variable shunt across the 
meter. | 
Position 4 = The external orystal current from the mixer applied to the 

| panel Pye plug is connected to the negative side of the meter 
while the positive side is earthed. The S.6a section of the 
sensitivity switoh is introduced to provide a variable shunt 
across the meter. | 

Position 5 - The positive side of the meter is connected to the cathode 

resistor of the VT.60A stabiliser, V.6, and the negative side 
of the meter is earthed, R49 provides a fixed 350 ohm shunt. 
An E.He%. current indication can then be obtained in the 


meter. 


The Sensitivity Switoh. 


879. (a) S.5a provides a variable shunt scross the meter when setting up 
the test set klystron. 

{(b) S.5b provides a variable shunt across the meter when measuring 
the magnetron frequency and when tuning the test set klystron 
to the same frequency. 

* (c) S.5c. provides a variable shunt across the meter while:- 
(4) Tuning the mixer with the dummy T.R. coll 
(44) Tuning the 7.R. cell. : 
(iii) Tuning the anti-T.R. chamber. 

(d) 8.5d provides a variable cathode load for V.1 when tuning the 

trensmitter unit klystron to a frequency 45 Mo/s. off the | 


——_ 2 eee ve MS en ft ——————— 


C.D. 08961 


The Magis “Ve 


880. (a) When the P./I.F. switch is set to "P", the magnetron output 
leaking around the waveguide switch passes through the wave 
meter cavity to the crystal, V.10. The rectified pulse 
envelope is applied to the pulse amplifier, the smoothed 
negative voltage being applied to V.4 grid. The closing of 
the magic eye indicates that the wavemter is tuned to 
resonate the magnetron frequency. 


(b) When the P./I.F. switch is set to "I.F.* the output obtained 

: from the head amplifier by beating the signals from the test 
set and transmitter unit klystron, is applied to V.1 and V.2 
operating as I.F. amplifiers. V.3 operates as a detector 
and the smoothed negative voltage is applied to V.4& grid 
Closing of the magic eye indicates that the transmitter unit 
klystron tuning is approaching the correct frequency. S.5d 
provides variable sensitivity of the amplifier, as the 


tuning progresses. 
The Power-Measu Neons, V.12, V.13 (1OB/22 


881. Only neons in which the outer cylindrical electrode is connected to 
the outer of the bayonet cep are suitable. To check for the correct type 
of neon press the ionising button to apply +300V. In the correct type 
the glow will be visible outside the cylindrical electrode. If incorrect, 
most of the glow will be inside the cylindrical electrode. 


882, The neons are placed three-quarters of a wavelength spart. In this 
way any reflection introduced by the second will be 2 x ¥ or rib wavelengths 
out of phase with that from the first. The phases will then be opposite 
and the two reflections will automatically cancel out. 


The Waveguide system. 
883. The switch operates on the principle discussed in Chapter 13, 
paras.12435 = 1215. 


The power dumy load consists of a fishtail of graphite and asbestos 
loaded bakelite. This dummy load breaks up the wavefront in such a way as 
to result in complete absorption and no reflection of RF. power. Cooling 
4s provided by the klystron blower motor via a flexible pipe from the motor. 


884. A 10 db. attenuating iris is introduced in the wavemeter channel to. 
attenuate the R.F. power from the magnetron which leaks around the waveguide 
switch in position 1. This precaution is necessary to protect the orystals, 
Ve10 and V.11. 


885. A second attenustor iris is introduced between the test set klystron 
input probe end the orystal, V.1ll. his is to cut down the power applied 
to the crystal. 


886. The matching iris behind the probe is to suitably divide the Klystron 
power between the channel to V.11 and the alternative path to as wavereter 
and other guide channels, 


The Crystal Rectifiers. 


887. ¥.10 and Veil are CV. 102 crystals. These are yellow spot erystals 
with en orange dot to indicate that they can take a higher voltage than the 


ordinary yellow spot, OV.101. 
The Test Set 205A. 


885. ‘This model differs slightly from the test set 205 in panel layout, 
wiring errangement, etc, It hes already been pointed out that an external 
jack=-point is provided on the panel for messuring E.H.T. uarene instead of 
using the test set meter as in the 205. 
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889. Some difficulty hss been experienced with multiple tuning points 
while tuning the transmitter unit klystron in the final stages of the setting- 
up procedure. It has been found that the test set klystron is pulling the 
frequency of the transmitter unit klystron. The difficulty can be elimin- 
ated by pulling the coupling probe well out on the mixer while tuning the 
CV.129 in the transmitter unit. . This probe must of course, be reset to 

the position giving 1.5 ma. of crystal current before attempting to receive 


signals. | 
The Junction Box 238 (10 ‘ 


890. The application of this junction box to protect the test set 205 has 
already been discussed in paras.874. - 876. The spare plugs on the box pro- 
vide a convenient means of supplying SOV. A.C. and 24h¥. D.C. to other items 
of test gear which may be required in the bench-testing installation, 


The Mismatch Unit 25/6 


891. This unit is used in lining up transmitter units of the TR.5555 series 
with the test set 205. The power dummy load of the test set simulates the 
scanner load but does not provide for the varistions in load presented by 
different scanners. A unit lined up in the test set 205 might operate 
normally on a bench scanner but show moding, or frequency pulling ani gapping, 
when used with an aircraft scanner. To provide for this variation in 7 
scammers the mismatch unit can be used in conjunction with the test set 
dumny load to introduce a deliberate mismatch comparable to that produced 
by the worst scanner likely to be encountered. 


892. The unit is a length of rectangular waveguide which has o quartz 

rod projecting into the guide. The maximum distance that this rod may 
project into the guide is fixed to leave a clearance of 7/32" between the 
rod and the far guide wall, This quartz projection introduces a4 standing 
wave whose amplitude is comparable with that which may appear in the 
‘transmitter unit guide system due to the worst scarmer likely to be 
encountered. The phase of this deliberately introduced standing wave 

can be varied by means of a moveable carriage which supports the quartz rod. 
The transmitter output controls are detuned so that frequency stability is 
obtained regardless of the position of the mismatch carriage, 1.60, 
regardless of the phase of the worst standing wave likely to be introduced 
by any scanner. This will involve a sacrifice of power output. The degree 
of power loss is an indication of the frequency stability of the magnetron. 
This stability may be influenced by the strength of the magnet, shape of the 
modulating pulse ard amplitude of the modulating pulse, as well as the 
magnetron itself. 


FIG.144 
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The Wavemeter W.1510. 


Use. 


893. The wavemeter W.1310 is an absorption type wavemeter covering the 
band 155 - 220 Mo/s. Its application in so far as H.2eS. installation is 
concerned will be mainly for tuning the Lucero transmitter and receiver, 
and for tuning Lucero blind approach beacons. 


Outline, 


854. (a) For checking transmitter tuning the transmitter signal is 
applied to a cirouit tuned to the required frequency by 
means of a calibration chart. The output is applied to a 
diode rectifier which develops a positive output voltage 
which is used to bias the grid of an audio oscillator, 
thereby controlling the amplitude of oscillation. The audio 
oscillator output is rectified by another diode and applied 
to a magic eye indicator. 

(b) For tuning receivers to a specified frequency and R.F. 
oscillator is provided which covers the 150 - 220 Mc/s. band. 
The oscillator frequency can be set to any value in the band 
since its output is loosely coupled to the resonant circuit 
of the wavemeter. 

(o). A 6X5 or 6X5G power rectifier provides H.T. 


Power Supply. 


895, The unit is designed for mains operation. Before comecting to the 
mains it is essential to check that the connections on the mains transformer 
are suited to the supply voltage. By loosening the coin-slotted screws 
in the panel the instrument can be lifted out of its case. The mains 
tappings are on a tagboard under the chassis, The correct tappings are 
those whose sum equals the supply voltage. For 210V. mains. connections 
should be made to the tags marked 10 and 200. For a 240V. supply, the 0 
and 240 tags would be used. Special supplies can also be used as listed 
in para, 


The Circuit. 


896. (a) Panel details are shown in fig.145 
b) Layouts are given in figs. 14 & 146 
eo) The cirouit is given in fig. 1,7. 


Power Pack, 


897. The mains supply is applied via a suitable RF. filter and ON/OFF 
switch to the appropriate transformer tags on T.2. Smoothing is provided 
by the choke, L.5 (40H.) and the electrolytic condensers C.19 and 0.20. 


898. The tappings on the power transformer permit use with mains voltages 


of: 
& 200 = 250V., 50 o/ 8. 
b 18OV.. 500 o/s. 
° 80V. 2,000 o/s. 


899. The output between L.5 and earth is approximately 250V. 
The Absorption Cirouit and RF. Reotifier. 


900. Le4, C-1l is the absorption circuit. C.11 is the calibrated 
RESONATOR control on the panel. 


901. Ve2 is the diode detector, R.& is the oathode load, The values 
of RB and C.14 and those of the resistors and condensers used in the magio 
eye input are chosen to provide deflections free from flicker when the wave=- 
meter is used with low p.r.f. transmitters. 
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902. 48, Iell, 0.12, C.13 are included to keep R.F. off the grid af 
the audio oscillator, V.3- 


The Audio Oscillator. 


903. Ve3 (VR.65) is arranged as a series-fed Hartley circuit, using the 
anode, cathode and suppressor as a triode. The oscillation amplitude is 
varied by the bias applied to the control grid from the diode load, As the 
transmitter frequency and resonator frequency approach coincidence the diode 
output carries ¥.2 grid more positive. The amplitude of oscillation rises 

to its peak value when the exact resonance point is reached, 


90h. The effective D.C. voltage on the control grid of V.3 is equal to the 
difference between the bias on V.3 cathode from the voltage drop across R11 
in the bleeder formed by R25, R10, Rell and the adjustable preset, R.25, an 
the rectified positive voltage across R8 Since R.23 negatively biesses 
the diode Y.2 and thus mdifies the output voltage, this preset oan be used 
to correct the falling sensitivity with ageing of V.2 ani V.3. When new val 
are fitted it may be desirable to apply increased bias. The bias can also 
be reduced when high sensitivity is called for in teats on pulse transmitters 


The Audio rectifier, 


905. The audio output of V.3 is applied to the VR.54 rectifier, Ve4. by the 
secondary of the audio transformer, T.1l. R13 acts as an anode load across 
which a negative voltage appears. The amplitude of this voltage will increa 
as the amplitudes of the oscillation in V.3 increases. But this depends on 
the amplitude of oscillation applied to V.2. Hence, V.4 output is proportio 
to the resonator circuit imput. Thus, as resonance is approached, the outpu 
from V.4. increases. V.3 and V.&4 together serve effeotively as a D.C. 
amplifier for V.2 output. | 


906. The output rrom ¥.4 for a given input will depend on the bias applied 
to V4 by Rel, which serves as a sensivity control. This is the control 
labelled "BIAS" on the panel. 


The Tuning Indicator. } 


907. V.5 is Viel03 visual indicator valve. The screen is at HT. ami the 
anode and target are below H.T. by an amount dependent on the anode current, 
i.e., on the grid potential, The more current passed by the valve, the wide 
will be the shadow since the target is well negative to the screen, As the 
current decreases the potential difference between screen and target diminish 
and the shadow gets narrower. Hence, as resonance is approached, and Ve5 
grid is carried down by the rectified output from V.4, the magic eye continue 
to close, When the shadow angle is at the minimum point the resonance point 
is reached, Since the setting of the BIAS control determines V.4 output it 
can be used to set a suitable shadow angle on V.5- - 


The RF. Oscillator. 


908. V.l is a VR.137 using a split-stator Hartley circuit. The panel 
control labelled "R.F. OSCILLATOR TUNING" is the condenser 0.4. The tuned 
oircait is loosely coupled to the resonator circuit. The oscillator can be 
set up to a desired frequency by setting the RESONATOR control to the appropr 
ate setting as given by the calibration chart and then tuning C.4 for resonar 
with the magic eye. The frequency markings on the OSCILLATOR TUNING ocontrod 
are only rough indications for the purpose of pre iminary setting to an appt 


mate value. 


Sett the Wavemeter. 


909. (a) Connect to the mains, using the appropriate transformer tappings. 
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+P Switch on, noting that the pilot lamp lights up. 

c) After a short warming-up period the magic eye screen will 
glow. By operating the BIAS control the shadow angle can 
be set to maximum corresponding to maximum output from V.4 
and maximum sensitivity. 


Measurement of Transmitter Frequency. 


910. (a) Feed a small voltage from the transmitter into the input socket, 

using the screened plug and length of concentric cable supplied, 
If a direct connection to the transmitter is not possible, the 
probe, which is supplied with the instrument can be plugged into. 
the open end of the concentric cable and placed in the field of 
the transmitter under test. 

(b) As the RF. oscillator is not required the oscillator switch 
should be in the OFF position. 

(c) Rotate the RESONATOR dial until the shadow angle is a minimm, 
If zero angle is obtained before exact resonance is reached 
the BIAS control should be turned counterclockwise to again 
increase the shadow angle. The RESONATOR dial can then be 
adjusted for further closing. When the BIAS control is correctly 
adjusted, tuning to exact resonance should not fully close the 
magic eye as the effective discrimination of the resonator 
circuit is then reduced. From the dial reading and the calib- 
ration chart the frequency can be detennined. 


fransmitter Tuning. 


911. Set the BIAS control for maximum shadow angle. 

Avply transmitter input. 

Set RESONATOR dial to the required frequency. 

Tune transmitter for minimun shadow angle, readjusting 
the BIAS as necessary as resonance is approached, 


Receiver Tuning, 


912. te Set oscillator switch to ON 
b) Set RESONATOR dial to required value as deduced from cali- 
bration chart. 
ts Set BIAS for maximm shadow angle, 
d) Adjust OSCILLATOR TUNING to close the shadow angle to minim 
readjusting bias as tuning proceeds, 
(e) Feed signal of required frequency to the receiver and. tune 
for maximum output | 
(f) ing sequence should be:- 
(4) Iecal oscillator. 
on R.Fe tO IneO. coupling. 
(444) RF. input circuit. 


Ao oO 


Faults and Checks, 


913.2 Should operation of the BIAS control not close the magio eye, listen 
for the note of the audio oscillator. If missing, replace V.3, and if 
present, replace V.4,. 


9142 If there is no response when a signal is applied, measure the voltage 
on ¥.2 cathode with a high resistance voltmeter, having a resistance of 2,000 
ohms per volt or more. This voltage should be 0.5V. or more and should 
increase as the resonator circuit is brought in tune with the signal. If 
this does not occur the valve should be replaced, 


915.4 If no magic eye response is obtained from the RF. oscillator, 
remove the oscillator cover and measure the H.T. voltage between the tuning 
coll and earth. «A reading of approximately 150¥. should be obtained with 
satisfactory valve and power supply. | 


916. HT. voltage should be about 250V. 
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CHAPTER 12 = SERVICING AND MAINTENANCE 


Summary of the Signal Chamels 


917. 


(a) 


(>) 
(e) 
(4) 


(e) 
(f) 


(g) 


(h) 


(4) 


(J) 


(k) 


(2) 


(m) 


(n) 


Tx-Timing Pulse - Prom anode of V. 505 inW.F.G to grid of 
VRe91 in modulator M.V, via blue Pye plugs on the W.P. G and 
modulator 6le 


R. Fe Output - From magnetron via BF. output plug to scanner 
y waveguide or high power coaxtal feeder. 


RF. Input - From scanner back to transmitter unit and mixer 
stage. | 


LQ Signal - Prom klystron oscillator to mixer. In Mark IIc 

nairadio 21 feeder from tuning unit 207 to tranmitter unit 
In Mark ITIA (Tie 3555) vie coaxial lead fram kiystron in 
transmitter to mixer cavity in same unit. | 


Mixer Output - By Pye cable from mixer to head amplifier grid. 


Head Amplifier Output - From head amplifier anode to green 
Pye on the transmitter unit, thence to green Pye on the RX~T. 


Lucero Output - Fron I.F. amplifier anode in Jacero Rx to 
rown Pye on Lucero, and thence to brown Pye on RX-T unit 
and grid of first LF 


ed Signals, Heading or Track Marker and e Marker = 
Fron cathode of RX-T. mixer (Ve41l) to slate Pye on RX-T 
unit and thence to slate Pye on W.F.G, and grid of buffer 
CoPey Ve 5125 


Mixer Signals, heading or Track Marker and Range Marker for 
Height Tube - Taken by condenser inside ¥.5.G. from slate to 
red Pye pluge Fran red Pye on W.F.G to red Pye on Iucero. 
Across to orange Pye by condenser (Iucero not operating). 
From orange Pye on Iaicero to orange Pye on indicator 18h. 
Applied to grid of one height tube amplifier vaive. 


Height Marker - From delay network in eathode of height 
marker output valve (V.403) to white Pye on the Rx-Timing 
unit amd thence to white Pye plug on Lucero. Across to 
yellow Pye plug on Iucero (Iucero not operating). From 
yellow Pye on lucero to yellow Pye on indicator 164 ani 
grid of other height tube amplifier valve. 


Mixed Signals, Heading and Track Marker, nape Marker and 
Bright-Up Yor P.P.I, - From cat de of Ve 5038 to black Pye 
in W.F.Ge am thence to. black Pye on imiicator 184 and 
cathode of video amplifier; D.C. coupling. 


Tine Base for Height Tube - Fran centre-tapped secondary 

V.e504 anode to 2-pin on W.F,Ge and thence to 2=pin on 
indicator 184 and through scan transformer to deflecting 
plates. 


Time Base for P,»P.I.e - Fram centre-tapped secondary in 

Ve 0) anode to pins 2 and 6 of 6-pin on W.¥.G ami thence 
to scanner and magslip rotor. Fron magslip stators in 
scanner to indicator 184 on 4-pin (vie a junction box 222 
if Fishpond used). Non-linear timebase developed from 
magslip output in indicator 184 and applied from anodes 
of sawtooth amplifiera directly to the X ani Y plates. 


Trigger Pulse for Markers and Suppression « From cathode 
of VI.60A in modulator M.V. to violet Pye plug ani thence 


9186. 


(9) 


(Pp) 


(a) 


(x) 


(t) 


(ua) 


(v) 


(w) 


(a) 
(b) 
(c) 
(4) 
(¢) 
(f) 
(g) 
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to violet Pye plug on RX=-T unit. Direct:feed into 
suppression delay network and delayed pulse fed to grid 

of suppression generator, Ve4l2. Also fed to primary of 
transformer T7400, Phase inverted output from secondary 
goes to cathode of height marker timing valve (V.400). On 
30 and 100 mile marker ranges it also goes to cathode of 
range marker timing valve (V-406). 


Signals, Markers and Bright-Up for Fishpond - From V.508. 
cathode to black Pye on WF. G thence to black Pye on. 
Fishpond, Applied to cathode of Fishpond signal amplifier 
through a condenser, i.e., A.Ce coupling. 


Timebase for Fishpond - Master sawtooth fron centre-tapped 
secondary in aor anode to pins 2 and 6 of 6-way on W.F. Ge 
Thence to scanner and magslip rotor. Stator outputs on 4- 
pin to J.B 222. Picked up at J.B. on 4=pin ami taken to 


Fishpomi, Developed into required timebase in Fishpom unit. 


Trigver Pulse for Fishpond Markers ~ From cathode of VTI.60A 
in modulator M.V. to violet Pye plug ami thence to violet plug 
on Fishpond. Operates on grid of marker vaive if push-button 


switch pressed. 


Trigger Pulse for Lucero —- Prom cathode of yI.60A in modulator 
M.V. to violet Pye plug and thence to violet Pye plug on Lucero 
panel. Applied to grid of counting down valve. 


Lucero Quiput ~ From transmitter tank lecher taps to internal 
Pye plug thence to T.R. junction box, switch motor, ani 


aerial feed Pye plugs on panel. Green/white feeds port aerial 
and red/white feeds starboard aerial 


Inicero Signal Input - From aerial Pye plugs to switch motor ani 
thence RF amplifier in Lucero receiver. 


Trigger Pulse for 4.F.G.43 (Fisbpomi Independent Bright-Up ~ 
From violet Pye on modulator to violet on W.F.G. 43 and thence 
through short CG. Re and diode to ayne. grid of MV. 


Mixed Signals and Markera for W.F.G.43 ~ From cathode of RX-T 
mixer to slate Pye on Rx-timing unit, ani thence to slate re 
on W, Fe Ge de Applied to grid of buffer C.F. stage 


Mixed Signals, Markers and Independent Bright-Up for FPishpom <« 
From cathode of W.F.Ge45 mixer tabans independent bright-up 
added) to black Pye on W.P.Ge43e Thence to black Pye on Fishpond 
and direct to Fishpond signal amplifier cathode; D.C. coupling 


now employed. 
Summary of Controls and Teat points 
Power Supplies 


V.C.Pe Switch ~ Determines whether the aircraft D.C. supply gets 

from input plug to output plug for alternator field 

Alternator Switch - Determines whether regulated 24V. supply 

reaches alternator field and excites alternator. 

VeCoPe Trimmer ~ Adjusts DC. supply to alternator field to get 
e output at normal engine speeds. 

V.Ce Pe Compression Adjustnent ~- Takes up slack in carbon pile 


to enable satisfactory regulation, 
Power Unit Jack Points ~ Provide checks on the separate power 


supplies in the unit. 
"rT. ON® Button - Brings heater, 300V. HT. and -100V. bias 


- supplies into operation and puts +24V¥. on blower motors 


"HT. ON" Button = Puts +300V. switched supply into operation 


when the red light comes up. Trigger valve operates trigger 
gap on spark gar. 


939. ( a) 


() 


(0) 
(4) 


(e) 


(f) 
(g) 
(h) 
(i) 
920. ( (a) 
(d) 
(9) 
me { (4) 


(e) 
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Modulator 64. Switch - Puts 80V. AC. on primary of -4KV. 


- power pack transformer. If down, transuitter goes into 


operation when red light comes on 
Scanner Motor Switch - Puts 24V. D.C. on scanner motor. 


‘Lucero "Trans. On" Switch - Puts +24V¥. on C relay which puts 


HT on WF.G Type 30 and brings modulating pulse valve into 
operation to bring transmitter on 


RB, F. Output 


Modulator P. RF. Control - Varies D.C. potential to which grid 


of VI-GOA in modulator MV. is returned and so adjusts perf. 

of modulator M.V. to permit synchronisation by Tx-timing pulse 

and locking of Tx to time base. . . | 

30 Mile Zero - On 10/20, 30/20 and 100/20 positions of scan- 

marker switch it varies point at which sawtooth carries Tx- 

timing valve into conduction ani hence point on sawtooth where 

fx pulse appears. By varying point where Tx pulse appears 

point where signals appear is also varied. By varying point 

on sawtooth where 20-microsecom pulse forms, it varies point 

where Fishpond zero marker forms and where suppression, height 

and range marker appear on the displays. 

10 Mile Zero = Achieves seme results on the 10/10 position of 

scan-marker switch as in (b) but provides wider range of 

variation, : 

Scan=marker Switch - Connects Tx-timing valve grid to 10 mile 

zero siider on 10/10 position, to 30 mile zero on 10/20, 30/20 

and 100/20 positions, to OV. on 100/40 position and to +60V. 

on 100/40~-80 position. 

Blue/White Voltage Monitor Point on Modulator 64.~- Permits 

measurement of auplitude of ating pulse on 7.8.28 Shape 

of pulse will indicate whether overswing diode circuit is 

operating and whether breakdown is developing in magnetron 

pulse transformer or heater transformer. Amplitude of pulse 

is approx. 64 x value measured on T.Se23 

Brown/White Monitor Point on Modulator 64 - Permits measurement 

of current in modulating pulse. Shows antiphase waveform to that 

in (¢). Current value in amps. is approx. equal to amplitude in 

volts on T. Se 2& 

Matching Sl Mark IIC) - Used to match magnetron to output line 

and usually set for best signal-to-noise ratios 

R. Fe output Tuning Piston and Matohng Iris (TRe 3555 Mark TLEAY - 
us Oo get maximum power output. from magnetrom May require 

detuning to avoid moding or frequency pulling. 

Tuning Rods and Carriage (TR 3555 Mark IITA) - Alternative to (h). 


RF. Input 


Capacity Joint in Scamer Type 63 .- Must be correctly aligned | 

in Mark TIC to get best signal input. 

Matching Slug - Affects both magnetron output and strength of 
signal reaching CVe43 in Mark IIC. Set for best signal~to~ 

noise ratio as stated abovee 

CV.43 Tuning Plungers - Plunger on panel tunes CV.45 to resonance 
at magnetron frequency. Signal input to mixer reduced if not 
correctly tuned. Preset plumgers fix band covered by panel control. 
CV.43 Input Coupling - Adjusted if overcoupling of Tx pulse into 
cavity causes too much ionisation as indicated by diffused glow 
in cavity and flat tuninge 

CV.43 Probe - Meter connected between input lead and probe to 
Measure ionising current if crystal burning out. Value of current 
varies with type, see fige73. Voltage measured with electro- 
static voltmeter should be about -/700V. 


(f) 


( 
Mk. (g) 
IIIA 

(h) 
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Anti T.R.» Tuning Piston - Used in TR3555 (Mark IIIA) to 
effectively isolate the Tx channel while receiving signals. 
Tuned for best signal response as indicated by maximum input 


to CVs Lid, 

CVell4 Tuning Plunger ~ Tunes CV.114 to resonance at magnetron 
frequency (TR. 3555 Mark IIIA). Signal input to mixer reduced 
if not correctly tuned 


Mixer Tuning Piston ~ Matches crystal mixer to waveguide mixing 
cavity to get strongest mixer output for a given input im TRe 5555- 


Local Oscillator 


921. ( (a) 
(c) 
(a) 
oe (e) 


Mark (({m) 

IIIA 

using ((n) 

TR3555 

series((o) 
(p) 
(a) 

922. (a) 
(b) 


Reflector Volts Control - Varies potential of CV.67 reflector 
relative to cavity and so veries the feedback and therefore the 
amplitude of oscillation, Also pulls frequency to some extent. 
Coupling Control ~ Varies angie of coupling loop relative to H 
vector in cavity field thereby varying output applied to LQ 
feeder. 

Klystron Output Plug - Crystal edeptor can be attached to check 
on Klystron output by measuring rectified voltage on meters 
Values of 8 = 12 ma. normal, depermding on crystale 


fay stron Cathode and Reflector - Electrostatic voltmeter used to 
check for correct potentials. Cathode potential must not drop 

to less than ~1000V. 
Mixer Copecs ty Probe = Provides variable attentuation of LG 

Mpu mixer; used in conjunction with coupling to get maximum 
crystal current of 0.6 ma by variation of reflector volts, 
Crystal Jack in Transmitter Unit - Used to observe crystal current 
as an indication of LQ. input to mixer. Also permits measurement 
of back and forward resistance of crystal. Crystel current should 
be set to Os. mae and range of variation on reflector volts 
control should not take value above 0.6 ma. Should be set on 
slow side of curve. 
Toe Control = Varies cavity volume to vary frequency by means 
of plunger threading into side. As plunger goes in cavity volume 
decreases and frequency risese Adjusted to permit tuning above 
and below magnetron frequencye 








Effects are interlocked and must 
be adjusted together to give 
&HT. Current Gontrol (VR 1 simultaneous requirement of 
cathode voltage mot more negative than -1600V. with an ELH.Te 
current not in excess of 7/25 Mas 

Coupli - Set to maximm 

Mixer Capacity Probe - Adjusted for crystal current of 1.5 ma, 
with coupling Loop at maximum 


E. HH. Te (Klystron) Current Jack ~ Used to observe EH.T. current 
while setting up VR, em VR3. 


Crystal Jack = Used to observe crystal current while setting up 
mixer capacity probe and while setting up VR1, VR2 and VR. 
eon Cathode - Electrostatic voltmeter connected to klystron 
cathode e setting up Klystron controls to ensure voltage does 
not go more negative than ~1600V. 

Remote Tuning Control - Switches D.C. to repeater motor on H, F. 
box which operates Klystron tuning plunger (pressure tuning) 
Manual Tuning 

Control ~ Operates plunger directly. 





Markers 


Height Zero ~ Varies potential to which grid of second flip-flop 
valve (V¥.402) is tied, thereby varying current through common 
cathode load and hence grid cut-off of first flip-flop valve. 
Must be adjusted to set this grid cut-off at the value for which 
scale was designed. Used to bring markers into ooincidence with 
natural or artificial echo of known range when height control set 


to the known ranges 


Heb ant Control =- Varies potential from which timing condenser 
S 8 its exponential rise and hence varies delay between zero 


923, 


(c) 
(a) 


(e) 


(f) 


(sg) 
(h) 


(3) 


(3) 


(k) 


(1) 


(a) 
(b) 


(c) 
(a) 


(e) 


(f) 
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time and time the height marker forms, ieé. when grid of first 
flip-flop is taken above cut-off. 

Height Timing Trimner - Used by manufacturer to set timing C.R. 

to value for which the scale was designed. 

Ranze Zero - Performs same function in range marker flip-flop as 
height zero in height marker flip-flope Adjusted so that with 
range control set to zero and scan-marker switch in 10/10 position 
the range marker and height marker coincide when height control 
set to 20,000 ft. (after previously setting up height cero). 

e Control - Varies potential from which range marker timing 
condenser starts its exponential rise, thereby varying delay 
between zero time and time that range marker forms when grid 
of first flip-flop taken above cut-off. 

Range Timing Trimmer - Used by manufacturer to adjust range 
marker timing C.R to value for which scale is designed. 

Line of Flight Switch - Puts +500V. on heading marker circuit. 
Course-Track Switch on Indicator 184 = Determines which contact 
n scanner earths the pulse-fomming circuits in the receiver 

timing-unit. (Set to "Track" when using scanner type 65 or 3 
to obtain course marker). 

Course-Track-Auto Switch on H.C.U. ~ Set to "Course”™ to set up 
ading marker and to "Tra to set up track marker, and to 
"Auto" after both set up.e Connects DR. campass to course, and 

transmitter in control unit to track repeater motors when in 
"Auto" position, Connects mamally operated transmitter in 
H.C.U. to respective repeater motors when in "Course" and "frack" 


positions. 


Setting Control on H.C.U. - Used to mamally operate the course 
and track repeater motors in the scanner when switch set to 


"Course" and "Track" respectively. Switches the D.C. connections 
to the repeater motor windings. : 

Wer.Ge Course-frack Link = Set to "Course" for use with scanner 
type 65 or type 3e Set to "Course and Track" for use with 
scanner type 71 and type 63. 

The Scan-Marker Switch - Switches D.C. to relays which awitch 
the anode load of the range marker timing valve to give the 
different marker es. Connects the range marker timing 

valve cathode (We 406) to the anode of the second valve in the 
height marker flip-flop on the 10/10 and 10/20 positions. 


Timebase 


Scan-Marker Switch ~ Switches D.C. to relays which switch cathode 
loads of both master M.V. valves, anode load of lst master & V, 
valve, grid potential of switching valve, and cathode load of 
switching valve, to get different sawtooth working strokes. 
Syne Control - Varies phantastron screen voltage. Set to give 
Ss © phantastron screen operation at the same time that the 
settings of the other two phantastron controls give freedan - 
from unstable centre and scalloped edges on scam 
Phantastron Screen Volts - Varies potential to which clamping 
edg cathode line is tied. Set to hold cathode line slightly 
below -]100y. line while giving adequate clamping square wave. 
Phantastron Cathode Volts = Varies potential to which clamping 
ne is ti Set to hold anode line slightly 
above -lOOV. line while giving adequate clamping square wave. 
Two controls adjusted together. 
X-Amplitude Control ~ Varies negative feedback in X-amplifier 
pair to give required push-pull overall emplitude and range 
COVErag ee | 
Y=Anplitude Control = Varies negative feedback in Y-amplifier 
pair to give required push-pull overall amplitude and rame 
coverage. The two amplitude controls must be adjusted for | 
circularity of range marker, i-e., correct relative amplitudes 
across X and Y plates, and for correct range coverage, ic, 
correct vector sum of emplitudes. 


92he 


(g) 


(h) 


(a) 


(b) 


() 


(4) 
(e) 
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Hum-Eliminator Control - A 300 ohn potentiameter connected 


across the heater line to balance out as much as possible the 
1000 cycle hum picked up on the heater line which causes 
apparent timebase bunching or "spoking". Fitted as a retro~ 
spective modification in earlier 184 indicators. 

Distortion Corrector - Varies the resistance in the complex 
charging C.R's to give the correct shape input on the grids of 
the scan amplifiers in order to obtain a distortion-free display 
and constant ground range coverage on all scanse Must be set to 


correct height 


Outputs and Displays 


Switch Unit Bright-Up Control - Varies potential to which grid of 
second valve in bright-up flip-flop is returned, thus varying 


current through the cammon cathode load and hence the grid cut-off 
potential of the first flip-flop valve. This permits variation 
of the point on the sawtooth where the sawtooth carries the first 
grid above cut-off to start the bright-up pulse. Used to adjust 
commencenent of the bright-up in the 50 mile sawtooth 


W.F.G. Bright-Up Control - Varies the resistance in an integrating 


circuit in the sawtooth input channel to introduce a deliberate 
distortion by shunting out high frequency components. This dis- 
tortion is most effective on the 10 mile sawtooth input, because 

of its higher proportion of high frequency components. The dis- 
tortion in the input GR results in low frequency ioss which 
effects the 30 and 50 mile inputs most. By using the W.F. G 
control only on the 10-mile sawtooth input, and the switch unit 
control only on the 50 mile sawtooth input, it is possible by 
means of a few alternate adjustments to start the bright-up at 

the same point in the sean in all threemwtooth inputs. As 

long as Fishpond has no indepenient bright-up these controls 

will be adjusted to get brightening up of the Pishpond zero 

marker on all three scans The 10 and 30 mile zeros will 
previously have been adjusted to give a zero marker whose diameter 
is approximately the same on all three scans, ieee, about 1". 

When the ¥.F.Ge43 is fitted to give Fishpond an iniependent bright- 
up both controls are set fully anticlockwise to start the bright~ 
up as early as possible. This is to prevent the appearance of a 
hole in the centre of P.P,I, display at low altitudes due to the 
height marker forming ami starting the scan before the W. FP. Ge 
bright-up commences. 
Contrast Control = Varies the potential to which the grid of the 
video amplifier is returned, thereby varying the current through 
the common cathode loads of the W.F.Ge mixer and the video amplifier. 
This serves to vary the effective bias on the ¥.F.G mixer and so 
determines how much bright-up square wave is passed by the W.F. Ge 
mixer and applied to the video cathodee The contrast control thus 
serves as a bright-up amplitude control. As it is carried clockwise, 
the bright-up amplitude increases. For maximum target detail it 
should be adjusted to the position where the superimposed range 
marker just begins to show top=cutting. This setting will pass 
enough bright-up for Fishpond when no independent bright-up is 
available. Further clockwise rotation will result in top-cutting 
or limiting of signals. In the fully clockwise position the video 
amplifier may be cut-off on the grid 


Gain Control (Mark IIc) - Varies cathode potential of second and 
fourth I.F. amplifiers to vary emplitude of 4.2.S. and Lucero signals. 


Gain Control (Mark IITA using TR. 35 - Varies screen voltage of 
irst four LF, amplifiers and seco ead emplifier to vary 
amplitude of H.2.Se and Lucero signalse | 


(f) Gain Control (Mark IIIA using TR 3523 series) - Varies screen 
voltage of first four LF. amplifiers and o th head emplifiers. 


In both Mark ITIA installations the control actually varies 


the grid potential of the gain control valve to vary the anode voltage which 
serves as the screen supply for the gain-controlled stages, 


(g) 


(h) 


(4) 


(5) 


(n) 


(0) 
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Suppression - Varies the delay imposed on the 2) microsecond 

pulse applied to the grid of the suppression valve. The negative 
output at the anode is applied to the screens of the lst and 3rd 
ILFP. stages in Mark IIC and to the suppressors of the first three 
IF stages in Mark JIIA. This suppression pulse has an exponential 
tail and will keep the receiver insensitive for a time dependent 

on the suppression setting. Where Fishpond is employed the minimum 
range of Pishpond cannot be less than the time after the trans- 
mitter pulse for which the receiver is held insensitive by the 
suppression pulse. The suppression control should, therefore, be 
set for full transnitter breakthrough, then given one click in the 
opposite direction to apply suppression only for the duration of 
the primary magnetron pulse. The noise, ete. fron the secondary 
pulses will then come through the receiver but close range Pish- 
pond signals can also come through. As long as their amplitude 
exceeds the noise anplitude the signals can be seen if the low 

gein #25. is used and low brilliance is used on Fishpond, 

PP.I, Brilliance - Varies DC level of PPI. grid relative to 
its cathode and thus controls emission of P,.P.I. and intensity of 
display. Since high emission means greater spreading of beam due 
to mutual repulsion between electrons in the beam, the best focus 
is obtainable with low brilliance, 

P,P.I, Focus = Varies potential of focussing anode relative to 
cathode to converge beam to the sharpest possible point at the 
screen, 

PPI. Horizontal and Vertical Shifts - Vary potential to which 
grid of second stage in each of the sawtooth amplifiers is returned, 
thereby varying D.C. level at anode of second stage relative to 
that of first Since anodes are D.C. coupled to the deflecting 
plates the anode potential can be balanced to have the Plyback 
take the spot back to the tube centre. 

Height Tube Brilliance - Varies D.C. level of height tube grid 
relative to cathode. Set so that blackout waveform carries grid 


down far enough to cut out the flyback. 

Height Tube Focus = Same operation as P,P.1, focus. 

Height Tube Shift - Serves to shift height tube scan vertically so 
as to put suppression break at the bottom of the tube to provide 
maximum useful range coverage on the scan, Actually varies the 
D.C. potential of one X=-plate relative to that of the other. As 
tube is turned through 90° the X-plates are in the position normally 
occupied by the Yeplates. The control thus serves as a vertical 
shift although operating on the plates connected to the X-terminals 
on the basee The horizontal centring of the trace is determined 
by the relative Dc. levels at the anodes of the height tube para- 
phase anplifier since these anodes are D.C. coupled to the signal 


plates. 


. 


The Scan-Marker Switch - When set to 100/40-80 position it ties 


grid of Tx-timing valve to +60V. and so causes the valve to go into 
conduction about 500 microseconds before the middle of sawtooth 
Tx. then fires 500 microseconds earlier and the suppression is also 
advanced 500 microseconds so disappears off bottom of height tube, 
Range coverage on height tube then of the order of 40 = 90 miles 


for homing on long range beacons. 


lucero Switch - When set to "OFF" cuts off 24V. and 80V. supply to 


Lucero so only normal H2.5. displays obtained. If set to B + H, 
B or BA, the 24¥. and 80V. supplies are taken to Lucero and the B 
relay in Iucero is energised to bring the switch motor and mechanical 
automatic frequency selectors into operation, B relay now dis- 
connects height marker input from yellow Pye on Lucero, so it goes 
off the height tube, Switch motor now switches the mixture of 
signal and range markers taken in on the red Pye plug at Lucero 
between the orange and yellow Pye plugs to give a double sided 
display on the height tube. If the B + H position used, both 
Lucero and H2.S. signals appear. If in the B position, the H,T. 
supply .s cut-off from the head amplifier in Mark IIC. In Mark 


IIIA, the H.T. and screen supply to the second head amplifier 
are broken in the TR.3555 series transmitter umitse fhe H,2,5S, 


9256 


(p) 


(q) 


(a) 


(b) 


(c) 


(a) 


(e) 


(f) 


(g) 


(h) 
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signals are thus eliminated and only Lucero signals appear on 

the double-sided display. In the BA position, the 24V. supply 

to B relay in Lucero is completed via pin 10 on the 16-way 
instead of pin 9, which provides the channel on the B + H and B 
positions, If a jumper socket is used on the 18-way on the 

Lucero panel, the change fran B to BA will result in an automatic 
change of the Lucero tuned circuits to pemit reception of signals 
fron Lucero blind approach (BABS) beacons. The height tube dis- 
play may be either single or double-sided depending on the aerial 
system euployed for the reception of BA signals. 

Receiver Monitor Point (Mark IIC) - Permits measurement of detector 
output for a given C.We-input to check receiver sensitivity and 


bandwidth. 


Receiver Output Monitor Plug (Mark IIIA) - Spare Pye plug on panel 

of Rx-T. unit where output of cathode follower between detector and 
receiver output valve can be scoped or measured to check receiv 
sensitivity and bandwidth 


Fishpond 


Range Presets - Adjustable resistors strapping the cathodes of the 
sawtooth amplifiers, Vary the negative feedback and so adjust the 
gain to develop an output amplitude that will carry the spot across 
the screen in about 90 ~ 100 microseconds, regardless of the saw 
tooth input. Three presets for each amplifier, one for each saw 
tooth input. Must be adjusted to have the correct overall 
emplitudes from each pair which will combine vectorially to give 
circular markers and range coverage of 4-5 miles. 

Scan-Marker Switch ~ Switches D.C. to relays in W.F.Ge which 
results in change of sawtooth working strokes and simultaneously 
switches D.C. to Fishpond relays to connect appropriate range pre~ 
set between the sawtooth anplifier cathodes. 

Balance Presets ~ Vary D.C. level to which grid of secom stage in 
sach sawtooth amplifier pair is tied, thus varying gain of one 
Valve relative to that of the other. Used to get push-pull output 
from each pair in order to get scan rotating about centre when 
shifts have been previously adjusted to compensate for any 
deformation of the electrode structure. 

Shifts ~ Vary LC. potential of one deflecting plate in each pair 
relative to that of the other. Horizontal shift used to bring 
vertical scan through centre and vertical shift used to bring 
horizontal scan through centre. 

Brilliance Control - Varies DG level of CRT. grid relative to 
cathodes Should be kept as low as possible by operator to detect 
signals just above mise level. 

Gain Control - Varies potential to which grid of signal amplifier 
is returned and so permits sane variation in gain of signal amplifier. 
When W.F.G 43 fitted signal amplifier and mixer inwPRG 43 will 
be D.C.-coupled in same way as video amplifier and W.F.G. mixer, 
v.508 Gain control then operates as a contrast or limiter control 
Should then be set for top-cutting of signals to intensify signal 
response relative to moise responses Brilliance must be low to 
get best comparative effect. 

Contrast Control on Indicator 184 - Determines emplitude of bright- 
up pulse reaching Fishpond when W.F.G 43 not fitted. Must be set 
to provide at least enough bright-up pulse to permit blacking out 
of scan and flyback. 

We B. Ge 435 Bright-Up Amplitude Control ~ Determines amplitude of 
bright-up puise passed to Fishpond for a given setting of Fishpond 
gain control. Must be preset to value which pemits adjustment of 
Fishpond control to cause top-cutting of signals when brilliance 
control is at minimm. Commencement of bright-up is fixed 
automatically to back edge of 20 microsecond pulse and Fishpond 


zero marker, 


926. 


(4) 


(3) 


(x) 


(1) 


(a) 


(b) 


(¢) 
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10 Mile Zero and 30 Mile Zero - Vary potential to which grid of 
Tx~timing vaive is returned on 10 and 350 mile scan, respectively. 
Thus vary point on sawtooth at which the Tx-timing pulse and 20 | 
microsecond pulse appear. This, in turn, fixes point in Fishpond 
scan where zero marker appears on these scans. Set to give zero 
marker of about 1" diameter on their scans so as to get a display 
which remains sensibly constant as scans are switched 

WF. Ge and Switch Unit Bright-Up Controls - Action outlined in 
Parase 924 (a) and (b)e Adjusted alternately using W.F.G. control 
on 10 mile sawtooth am switch unit control on 50 mile sawtooth to 
get zero marker brightened up on all three scans when no W.F. G 

43 fitted. ; 

Marker Switch - Push-button switch which alters D.C. level to which 
gric of marker valve ic returned from about -lOOV. to about +40V. 
so that valve is in saturation current on leading edge of positive- 
going 20 microsecond pulse but cuts off on back edge. Tuned circuit 
in anode then rings to give damped 95 Ke/se oscillation whose + Pips 
are used to produce the Fishpond markerse Gives zero marker on lat 
positive swing on back edge of 20 microsecond pulse and successive 
markers at 10.7 microsecond or 1 mile intervals. 

Preque Control = Dust core of coil in ringer circuit can be 
adjusted if necessary to vary effective inductance in ringing 
circuit and so get markers giving correct range indications 


Stabilised Scanner 


Amplifier Unit Switch - Earths grid of Vel in amplifier unit to 
reproduce the seme conditions in the amplifier unit as would exist 


when moving platform is herizontal and no misaligrment voltage is 
applied to the amplifier unit. 

lifier Unit Jack Point - By jacking in a meter, the differences 
in the anode voltages of the VT.60A's in. the D.C. amplifier can be 


measured 
Amplifier Balance Preset - Varies operating point of grid of first 
VI.604. Adjusted until meter reads zero when jack comnected to 
meter inserted at jack point. Anode potentials of the VI.60A's 


should then be balanced and no net field current applied to motor 
generator whose armature should then be stationarye 
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Bench Setting-Up of He 2eS- Mark IIC Installation 


Test Equipment Required 
9276 3 Monitor 28 


> 


Test Set 85 

Test Set 202 

Electrostatic voltmeter 
DeCe milliammeter 0 = 2 ma. 

AVO Model D. 


mono & 


Power Supply Checks 


928, Before switching on the equipment check that the supply voltages are 
approximately 80V. A.C. amd 28y. D.C. 


929. a) Check that modulator 64 switch is off (up) 
b) Press "LT. ON" button on switch unit. Green pilot lamp 
should light. 
c) Check the blower motor is running in the transmitter unit. 
5 Check that indicator 184 panel lamp is functioning 
e) Check that the switch unit pane} lamps are operating on the 
height and range drumse fhe scan marker switch will have to 
be switched through the different scans to check the range 


drum Lamps. 


930. (a) Check the +300V. and -100V. power supplies with the aid of a 
O- 2ma, meter amd jack at the power unit jack points. 
Normal readings are i- 





ip ype 200—“‘COCOCOC;O#C#C*CTYpe 22h 

Jack Point Normal Limits Normal Limits 
+300V. dma 0095 ~105mqa O53 ma 0.28 -0.33ma — 

300V. feed 0.85 ma. ApproxXe 195 ma 180 = 210 ma 
~100V~ 1 Me 0.9 - 1,05 ma. 1.0 ma Oo - 106 ma 


(b) If these readings are proportionately high or low the V.CoPe 
SOV. supply is incorrect and requires adjustment. 

(c) Should the two.voltage readings be in disagreement, suspect 
the rectifiers. 


931. (a) Turn the reflector voltage control on the tuning unit 207 
fully anti-clockwise. 

b) Press "iT. ON" button. Amber light should came on 

Red lamp should come on in less than a mimte. : 


ad) Check that height tube timebase appears. 


932. Check the -1800V. supply at the power unit jackpoint. Reading should 
be 1 ma. + 0.05 ma. on the P.U. 280 or 1.8 + 0.05 ma. on the P,U. 22he © 


933. Check that an overload on the power packs in the power unit will cause 
the equipment to switch off by putting a 200 ohm resistance between one of the 
tag, points marked "A" on the 300y. transformer and earth . 


Crystal Checks 


934. (a) Measure the forward resistance of the crystel., This should not 
exceed 200 ohms as a general rule if measured on an AVO Model D, 
using the 10K. range or on a Model H using the 20K. range. 
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(>) Measure the back resistance. This should not be less than 
1OO0O ohms. 
(c) Switch the modulator on and off about 6 times and again check 
the crystal to see whether the values found still hold good, 
his is to check the surge resistance of the crystal. Log the 
back resistance on card kept with the unit. 
(d) Leave modulator switched off. 


Measurement of forward and back resistance of crystals does not establish with 
absolute certainty that the crystal is either good or bad. The testa apply to 
the majority of crystals but crystals failing to pass the tests may occasionally 
give reasonably good sensitivity while crystals Passing the tests may prove 
unsatisfactory. The only positive check on a crystal is the comparative 
sensitivity when the cyystel is put in a known good set instead of a known good 


erystal. 
Initial Setting-Up of Crystal Current 


935- (a) Set coupling loop of CV.67 to midway position using the 

preset on the tuning unit 207. 

(b) Plug ina O- 2 ma. D.C. meter at the transmitter unit 
erystal current jackpoint. 

(c) Turn the reflector volts preset clockwise while observing 
meter reading, Determine which is the stable or slow side 
of the crystal current peak If reading tends to exceed 0.6ma 
reduce coupling at tuning unit 207 or adjust capacity probe at 
mixer until peak reading obtainable with the reflector volts 
preset does not exceed 0.6 ma. Set reflector volts to give 
O.4 ma. on stable side of characteristic 


CVe 435 Checks 


9366 ) Switch off the -1800v. supply by pressing "LT. ON" buttom 
5 Check that amber light goes out. 
Disconnect lead to CV¥.43 top cap and connect to negative side 
of D.C. milliammeter. Connect positive side of meter to the 
CV. 45 top Cape 
(a) Press "H,T. ON" button to reapply -700V. to CVe4i, The meter 
will read the ionising current between the probe and the earthed 
rhumbatrom Older type CV.43 had a normal current of about 1 ma. 
Later types take only about 0.5 me. (see fige73d). If 
satisfactory ionising current is present assume CV.435 is operating. 
(e) Check cV.435 heater jacket after the equipment has been on for 4 
few minutes when the bakelite jacket should show signs of 
becoming werxme 


Obtaining Signals 
$37. Necessary conditions to obtain signals i= 


c 


+3 Scanner looking at a target. 

b) Transmitter supplying enough power to make possible the 

return of an echo of sufficient strength to produce a 
visible indication 

(c) CV.43 tuned so that magnetron frequency lies in the range 
which will resonate the CV.45 cavity. 

(4) LO. frequency differing from magnetron frequency by a 
value within the I.F. passband. 


If follows then that if the matching slug, CV-43 tuning plunger and klystron 
tuning are badly misaligned, some difficulty may be experienced before a 
signal can be obtained on the display. 
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Points to bear in mind 
SE 


9358. (a) 
(b) 
(c) 


(a) 


(e) 


Magnetron output depends on setting of matching slug which 

gives best match to output line, 

Alteration of matching slug position may cause variations in 
Magnetron frequency. 

Change in magnetic field strength may affect both magnetron 
frequency and power output. This is particularly applicable 
when working with cover on and cover off the transmitter unit 
when the magnetic field strength is near or below the critical 
value. The effects will be more significant on a poor 
magnetron than on a good ones 

Changes of the klystron reflector voltage will cause frequency 
changes as well, Changes in feedback and amplitude of oscillation 
will cause crystal current to fall. Frequency changes may occur 
Without crystal current falling, but signal strength may still fall 
due to wrong I.F. coming out of mixer. 

Crystal sensitivity is normally at a maximum when the crystal 
current is 0.3 ma, or above. If the current falls below this 
value, due to retuning of klystron which upsets the feedback 
Phasing, the sensitivity may fall, Hence as klystron tuning 
varied it is necessary to keep an eye on the crystal current 
and readjust reflector voltage if crystal current falls. 


Matching the Magnetron 


9596 (a) 


(b) 
(c) 


(3 


(f) 


Check that the high power feeder connections at the transmitter 
unit and scanner are clean and firm, and that any dielectric gap 
in the plugs is taken up by use of the washers provided. 

Check that amber and red lights are on at the switch unit. 
Switch modulator on, 

Check that to overload relay trip is functioning by renoving 
the pulse lead from the modulator 64 to the transmitter unit. 
The relay should trip immediately. 

Rotate the scanner to shoot at the pre-positioned test set 85, 
Check that the &.F. output is up to the value known to be 
standard for good sets, Readjust matching slug if necessary 

to obtain this power output. | 

Watch for any sign of arcing in the transmitter unit 


Searching for Signals with LQ 


940. (a) 
(d) 


(c} 


If satisfactory R.F. power output is forthcoming point the 
seanner in the direction of the strongest permanent echo 
available. 

Connect the monitor 28 input lead to the slate Pye plug on 

the receiver-timing unit. Use 100 microsecond timebase and 
emplifier in X5 or X10 position. 

Rotate tuning control on tuning unit 207 watching the monitor 
28 for the appearance of a signal, Keep an eye on the crystal 
current while tuning and readjust reflector wits, if necessary, 
to keep current above 0.3 ma. and stable, 


CV.435 Tuning 


941. (a) 


(b) 


As scon as a signal is obtained adjust CV.43 tuning plunger. 
Note sharpness of tuning. It should be pogsible to drop 

the signal amplitude with three-quarters of a turn of the 
tuning plunger from either side of the peak point 

Should the tuning appear flat, particularly on short range 
signals, renove the tuning plunger and observe the ionisation 
at the lips. For correct operation a violet haze should be 
Visible only across the lips and not spreading out into the 


cavitye 


(c) 


C. De O896L 


If there is evidence of a diffused glow spreading out into the 
cavity the coupling from the CV.64 output line into the CV.45 
cavity is too tight. To remedy this fault, it is necéssary to 
renove the CV,43 from the transmitter unit and place a thin washer 
between the CV.43 bush (which carries the loop coupling into the 
cavity) and the cavity itself. Nominal washer thicknesses are 

of the order of 1/32" to 1/16". Before replacing the loop ard 
bush ensure that the plane of the loop embedded inthe polystyrene 
is left in the vertical plane in order to get the strongest input 
coupling for signals. The actual thickness of the packing washer 
must be limited to a value which serves to limit the diffused glow 
to the cavity lips but. does not cause a decrease in the S/N ratio. ° 


Final Setting of RF. Controls 


942, (a) 


(b) 


(f) 


(g) 


Put cover on transmitter as far as possible while still pemmitting 
access to the matching slug This precaution is to have the 
effective field strength of the magnet as nearly as possible at the 
value it will have when the cover is on the unit. 

Adjust matching slug for maximum signal to mise ratio. Alternate 
adjustments of matching slug and klystron tuning on the weakest. 
stable signal will be necessary to obtain the best matching slug 
setting since the magnetron frequency is likely to shift as the 
slug setting is varied. 

When optimum point found tighten the matching slug. 

Adjust CVe43 tuning for best S/N ratio and lock the clamp. 

Check for two tuning points on the cV.67. If not obtainable adjust 
the fixed plungers until two tuning points are obtainable on the 
tuning control with a bit of leeway at each end of travel of 
control, | 

Check the two tuning points for best S/N ratio, readjusting crystal 
current to 0.4 mea. at each point with the reflector volts controle 
Leave tuning control at point which gives the best S/N radio with 
reflector volts set for 0.4 ma. 

Adjust coupling preset so that reflector volts preset will give a 
variation of 02 to 0.6 ma. on the slow or stable side of the 
crystal characteristic. This may require readjustnent of the 
capacity probe. | 


Field Strength of Magnet 
9450 (a) For optimum power output and maximum frequency stability the first 


(b) 


strength of the magnet should not be less than about 1250 gauss, 
measured with the magnet on the chassis and the cover om Use of 
the Cembridge fPluxmeter for field strength measurement is outlined . 


‘in chapter 11, paras. 838 = 843. 


A rough check can be made by comparing the readings obtained on a 
T,S.85 with the transmitter unit cover off and the matching slug 
adjusted for maximum output, with the reading obtained when the 
cover is put on as far as possible and the matching slug again 
adjusted for the maximum power outpute Due to the reduction of 
the field strength when the cover is put on a norma) reduction of 
about 10% may be expected with the average magnet and CV.64. A 
greater reduction iuplies a weak magnets 


Setting Suppression 
Fishpond not used. 


~ 


(c) 


Set gain to normal. 

Set suppression preset fully anticlockwise ani observe break 
through after suppression break on the monitor 28 traces 

Advance suppression one notch at a time until breakthrough just 
eliminated, Should normally be possible to do thie with 5 or 4 
notches on the suppression control. Should more then this be 
necessary a faulty component or lead should be suspected, . 
Dummy load elimination tests should then be carried out as 

outlined in para, 1088 


CHECKING TEST SET TYPE 202 DIVIDERS 


TEST SET 202 


MONITOR 28 
CAL. INTEAVAL SwiTcH “To $00 ET. | 


REP. FREQ. SWITCH TO bGoOOW 


O 7.8. SWITCH To [O.uwSECS. 
+Sov OUTPUT TO MonrtoR tnfuty ¥ 


AMPLIFICATION To x5. 


VVVVVVVVVV 


S00 eT. Cac. fies (1-0 I] SEecs. EACH) 
IF CALIBRATIONS ARE UNSTABLE AOsUST “Gaon” foT. 


v 


TA SWITCH “TO [00 SECS. 
np eee @) AMPLIFICATION ToxrS of» [0 
CHECK piviSlow By 6 
| \ Ht 
NOTE THAT LEVEL of EVERY 6TH fie Is EXTENDED 
for marKeo “x 6" 


,!F NECESSARY ADJUST 


v 


CAL. INTERVAL SWITCH “To (0,000 NDS. ® MONITOR - AS PREVIOUS STAGE 


CHECK DIWIFION BY lo 


lo,o00 YARO MARKERS (C61 A SECS) 


(ooo Oeics 


(6. _—" 





19 
To OBTAIN CoRRECT 


PiviSiON 6Y 


IO «ADJUST PoT MARKED "to" 
NOTE © TEST SET SHOULD BE ALLOWEP “To RUN FoR A FEW MINUTES BEFoOKE 
CHECKIN GO 


PIVIDERS WthcH SHoVULo BE CHECKED 
SET IS USED. 


WHENEVER “He TEST 


FIG.I5] 


7” nm maae . 


2 TEST SET 202. BENCH CONNECTIONS. 


SHOWING TRIGGERING AND MONITOR tneuT CONNECTIONS 
H2S CABLING IS NORMAL EXCEPT MOBULATOR Sy¥dc. (PYE BLUE), WHICH IS FROM TEST 
SET 202 2Onsecs PULSE IISTEAD OF FROM WEG. 
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TEST SET 202 






CALIBRATION PIPS, IK . RANGE MARKER 
Fiom 
PYe Re 
| ~00t 
S¥Nc. PULSE 
FROM T.S. 202 
Ae psec. Pussé 


REPEATER MoTOR TEST INSTALLATION. 


LNTERCONNECTION DIAGRAM 


| 2tv tic, From 
a HEADING JUN CTioN Box 


ConTkoL UNIT TYPE $3 oR 2ZI. 


RHEOSTAT Ofto 2. 


VOLT METER 


a3 
% 
4 


*y, " 
Pte 


*, 
*. 
%, 
fe, yw 
JS Medieesiaw’* 


Te HEADIAG 
CONTROL UN: 


VARIATION SETHAG CORRECTOR (v.SC) Rer.. ba/ tos, 
MR REPEATER Compass (Pitors) ba J 7u2. 
-RHEOSTAT. (lo onms) SCf 72%. 





FIG.153 
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Fishpond used :- 


9450 + 


(c) 


Set gain to low level. 
fake suppression control fully anticlockwise and observe break~ 


through after suppression break on monitor 28 trace. 

Take suppression one notch clockwise from point where all or 
nearly all of breakthrough comes through the receiver. This 
will permit same mise to come through on Fishpond but signals 
can also come through Further suppression will mean that 
minimum range is definitely fixed by the time for which the 
suppression pulse holds it in the insensitive state. The 
objective is to apply suppression only for the one microsecond 
primary pulse and let the secondary pulses and close range 
signals come through togethers 


Setting up the Height Zero 


9466 2) 
¢ 


(a) 
(e) 


(f) 
(g) 


(h) 


(4) 


(35) 


(k) 


Check the 7.S.202 dividers as outlined in chap.11, para. 80L 
Set per.f. switch on T.5.202 to 600 position 

Apply 20 microsecond output from 7.5-202 to the blue Pye 

plug on the modulator 64 through a .001 condenser. The 

pulse is differentiated and the negative-going pip on the 

back edge serves to syne. the modulator M.V. instead of the 
Tx=-timing pipe 

Trigger the monitor 28 from the violet Pye plug on the 
modulator 64. 

Check that the T.S.202 is synchronising the modulator 64 to 
run at a per.f. which is as close as possible to the pref. 
obtained when the Tx-timing pulse is used. This can be done 
by adjusting the 600 c/s. preset on the T.S.202 to bring the 
length of the T,Be sweep on the monitor 28 in the "Freq" 
position as nearly as possible to the length obtained when 

the modulator is being synchronised by the Tx-timing pulse. 
Set monitor 28 for 10 microsecond T,B. and input switch to 
"Direct™, | 

Intercept the red and white Pye leads and connect these, 
together with the 5 volt negative calpips, to the monitor 
inpute A 1K. resistor should be incorporated in each of 

these imputs to the monitor Adjust the suppression control 
on the receiver so that it is between two notches (i.e, m0 
suppression applied to the Rx). The Tx pulse breakthrough 
will then appear on the screw. Turn gain control to minima. 
Adjust monitor 23 7.B. start so that the leading edge of the 
Tx pulse.is at the commencement of the scam The start of the 
scan mow represents zero time and the T.Be start control must 
now be left in its present setting. 

Set calpip switch to 500! position, Observe the 1 microsecond 
pips on the trace. Now set switch to the 1000 yard position 
and note position of first 1000 yard marker. Calculate the 
time in microseconds from the beginning of the scan, ine, zero 
time, to the first 1000 yard marker, by putting the 500* and 
1000 yd. markers alternately on the timebase and noting which 
of the 500' markers coincides with the first 1000 yard marker. 
This time will nomally be in the region of 2 microseconds, 
Suppose that the first 1000 yard marker appeared 1.4 micro- 
seconds after zero timee The position of the marker then 
represents a range of 1.4 x 500 = 700'. Each subsequent L000 
yard marker represents 6.1 microseconds or 3000". 

Set T.Be switch for 100 microsecond T.Be and input switch for 
sufficient amplification to show both cal. pips and height 
marker on the trace. 

Determine what range the second 1000 yard marker represents by 
adding 3000 feet to range found for the first 1000 yard marker 
end set height drum to this range If height marker does not 
mow coincide with the second 1000 yard marker adjust the height 


zero till it does 
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Checking Hei ght Marker Tracking 


| 947. (a) 
(b) 


(e) 


Vary the height control setting to shift the height marker from 
one 1000 yard marker to the next along the timebase, checking 
that the reading on the height scale increases by 3000 per step. 
If the tracking is incorrect it may be advisable to readjust the 
height zero for accuracy at the nearest calibration marker to the 
20,000 point to obtain accuracy at operational heights. 

If tracking is badly out and the 300y. stabilised output is not 
out by more than + 5%, the unit should be returned to the M.U. 


for realigrmment. 


setting Range Zero 


948. 


Set height control to 20,000' (height marker not in coincidence 
with of the calibration pips). Set scan-marker switch to 

the 10/10 position and range control to zero. Adjust range zero 
for coincidence between height marker and range marker. Since 

the range marker ami height marker are of different widths the 
leading edges cannot be accurately aligned if the two markers are. 
superimposed on any of the calibration markerse 


! Checking Range Marker Tracking 


949. (a) Set the height control to the 1000 yard marker nearest the 


(4) 


20,000! setting of the height control. If the first 1000 

yard marker represented 700 ft., this would be 18,700 ft, 

Check whether range scales are in statute or nautical miles. 

Set the range drum to put the range marker successively into 
coincidence with the 1000 yard markers along the trace while 
leaving the height control set to keep the height marker on 

the 1000 yard marker nearest the 20,000 point. Check the 

range drum reading against the figures in the appropriate column 
in the table below; . 


Height Con Range Marker Range Drum Reading 


trol Setting fran 
Height Marker Neutical Statute 


1000 yards 1-9 miles 2.2 miles 

2000 2. f Je2 

300 3505 4.0 

1000 4e2 he /5 
20,000 * 5000 Le f 50 5 

6000 5e3 6.1 : 

7000 5.9 | 6.8 

8000 6. 5 fo 

9000 79 8 O 

10000 76 8.7 











The figures tabulated are based on a height setting of 
20,000 ft. and are accurate to Oel mile. The accuracy of 
reading will hardly be sufficiently great to show 
differences fron these values for any setting of the 
height control to the 1000 yard marker nearest the 20000! 
pointe 

If the tracking does not follow the above table closely, 
readjust the range zero to obtain the greatest accuracy 


in the range 3-7 miles. 


(e) 
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If tracking is badly out and the stabilised 300V. supply is 
not out by more than + 5%, the umit should be returned to the 


MoU. for realignment. 


Calibration of Monitor 28 for use in Aircraft 


D5. . 


(a) 


(b) 


(c) 


(a) 


Having correctly set up the height and range markers with the 
Test Set 202, the monitor 28 may now be calibrated for use in 
eircreafte Using the He2.5. set that has been correctly set up 
and the X-shift on the monitor set to "10", adjust the T.Be 
start so that the leading edge of the Tx pulse is in line with 
the cursor line on the celluloid window. It may be necessary 
to mark a new line to the left of the original or to turn the 
knob of the X=-shift relative to its spindle. a 


Set the height drun to exactly 20,000 feet and the range drum 
to & miles, and apply the height and range markers to the 
monitore Turn the X-shift until the height marker comes in 
line with the cursor and mark the Xeshift scale "20,000 ft." 
(This will be about 40 microseconds after the leading edge of 
the Tx pulse, but as the timebase is not linear it is unlikely 
to agree with the original calibration markings). 


Move the X-shift further anticlockwise until the range marker 
is behind the cursor line and mark the shift scale "4 Milee 


10/10", 


The monitor 28 is now calibrated for the adjustment of height 
and range zeros in aircrafte The range of 4 miles and height 
ef 20,000 feet have been selected to ensure the greatest 
possible accuracy at the release point at operational height. 
When calibrating the monitor and when using it in an aircraft, 
it is essential that the A.Ce input should be SO volts + | 
volte The marking of the Xe-shift should be done in ink and 
the calibration must be checked on the bench on the day that 
the monitor is used in the aircraft. Purther details reg ing: 
the use of the monitor in the aircraft after it has been 
calibrated in this manner, are given under DeI. procedure in 
parae 1041, 


Setting up the Indicator 184 P.P.I. Display 


Points to be borne in mind on the timebvase controls :- 


FIL: 


(a) 


(b) 


(¢) 


The timebase must be triggered by the height marker. This 
involves clamping the grids of the lst stage in the X and Y 
timebase amplifiers until the height marker forms. 

The timebase must always start its sweep from the tube centre 


when triggered by the height marker. This means that the 


flyback must return the spot to the tube centre. Since the 
sewtooth paraphase amplifier anodes are D,C.<coupled to the 
X and Y plates, the DCG levels at the anodes of each pair © 
must be balanced if no electrode deformation is present If 
any deformation is present the D.C. levels at the anodes must. 
be suitably umbalanced to compensate for this deformation, 
This balancing can be done with the shift controls which vary 


the D.C. level of the grids of the second atage in each amplifier. 


pair relative to that of the first grid and thus vary the 
standing currents passed by the two valves during the 500 micro-= 
second clamped period. 

To obtain a constant amplitude radial scan, i.e, freedom from 
"squaring", it is essential that the clamping waveform amplitudes 
exceed the maximum swings at the grids of the first stage in each 
sawtooth amplifier during the scanning period If this condition 
4s not fulfilled the diodes may open before the scan is completed 
and cut the scan short The same result may be produced if the 
amplifiers show signs of "bottoming", i-e., the anode potentials 
fall so nearly to the cathode potential that a further rise at 


(a) 


(e) 


(f) 


(g) 


(h) 
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the grid (or fall at the cathode) does not result ina 
further anode fall. 

Lustable centre effects may appear if either the strapped 
@uiode cathode line has a D.C. level positive to the 
clemping level or the strapped diode anode line has a 

D.Ce level negative to the clamping level. 

The simultaneous fulfilment of the comitions of adequate 
clemping waveform amplitudes ani correct D.Ce levels for 
the strapped diode lines results in a very narrow range of 
settings for the phantastron cathode and screen volts 
controlse - 

The phantastron operation must be stable at the time time 
as providing the correct D.C. levels for the diode lines 
and adequate clamping amplitudes. To provide a narrow 
range of adjustment of phantastron operating conditions 
we have the sync. control which varies the screen potential 
of the phantastrom | 

The phantastron must not be capable of spurious triggering 
during the 500 microsecond clamping period. This requires 
that anode current be cut off in this period. 

The range coverage obtained on any setting of the scan- 
marker switch is governed by the rate at which the anode 
potentials change in the sawtooth amplifiers for a fixed 
given rate of change on the grids. The rate of change at 
the anode for a given rate of change at the grid is fixed 
by the gain of the valve. Since the controls strapping 
the cathodes of the sawtooth paraphase amplifiers vary the 
negative feedback of the stage they vary the gain, and 
therefore, serve to obtain a certain swing at the anode in 
the time corresponding to a given range; i.e, they serve 
as velocity or range controls as well as amplitude controls, 
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We may then summarise the timebase problem as follows;:- 


9526 (a) 
(b) 


(c) 


=) 


Jf we are getting some form of scan we know the phantastron 

is triggering. 

By observing the phantastron screen waveform we can see whether 
the phantastrong operation is stable, and if not, we can adjust 
the sync. control for stability. 

With the scanner rotating it is possible to see whether 
squaring” or unstable centre effects appear and adjust the 
cathode volts and screen yolts controls for freedom from both 
these effects, thus indicating that the D.C. levels of the 
diode anode and cathode lines are satisfactory and that adequate 
clamping waveform amplitudes are available. If necessary, the 


sync. control can be readjusted. 
If a Cossor scope or D.C. scope attachment is available a check 


ean readily be made that the phantastron anode current is being 


cut off during the 500 microsecond clamping period. If not 
available, a check can be made by connecting a meter in the 

phantastron anode with the height marker triggering removed. 
The scan can be centred by adjusting the shift oontrols. 

The range coverage can be adjusted by means of the amplitude 


controls. 


setting up the Phantastron Controls, 


P5356 4 


(oc) 


(a) 


(e) 


(f) 


(g) 


Set scan-marker switch to the 100/40 position. . 

Switch on and note whether some form of scan is present. 

Contrast and brilliance may require some adjustment to make 

it appear. | 

Disconnect the signal input at the red Pye plug on the 

indicator 184 and apply instead the signal picked up at the 

slider of the phantastron soreen volts control. This is the 

positive-going clamping square wave from the phantastron screen 

Which will now appear as a deflection to the right on the height 

tube, This may appear as follows:- 

(4) Steady square wave. 

(ii) Unstable square wave with flickering top. 

(434) Square wave with trace through base indicating that 
phantastron is not triggering on each height marker. 

(4v) No square wave at all (if no scan on P,P.I.) 

Adjust the syne. control to the mid~point of the range of 

adjustment which gives a stable square wave. If necessary to 

get a reasonable range of stability, slightly readjust the 

screen and cathode volts controls. 

Remove the height marker triggering by disconnecting the yellow 

Pye plug and note whether the square wave disappears, This 

check is important to ensure that the phantastron is not 

triggering on stray pickup. If such spurious triggering occurs, 

readjust the sync. and cathode and screen volts to eliminate it, 

and reset the sync. control to the mid-point of the stable 

range. With the height marker reconnected, check that square 

wave commences coincident with the height marker and moves with 

the height marker as the height control setting is varied. If 

difficulty from spurious triggering not curable by adjustment of 

phantastron controls, check that anode current in phantastron is 

cut off when height marker disconnected. 

Adjust brilliance and contrast to bring up the W.F.G. bright-up 

on the P.P.I.: and set the amplitude controls for minimum scan 


amplit UdGe 
If the scan starts badly off-centre adjust the H and V shifts 


for approximate centringe 


(h) 


(4) 
(3) 


(i) 
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With scanner rotating check for presence of unstable centre 
and/or scalloped edges. The check for scalloped edges is mst 
readily made by setting the range marker to the end of the scan 
and noting ita shape. Adjust the screen and cathode volts 
controls to get rid of unstable centre and scalloped edges or 
squaring. 

Switch to 10/10 position and note whether same freedom from both 
effects obtained. If necessary, slightly readjust cathode and 
screen volts controls, 

Switch back to 100/140 position and recheck syne. control for 
setting in centre of stable range by putting square wave on 
height tube again. 

Readjust H and V shifts for better centring if necessary. 


Setting of Hum-Eliminator Control. 


95h. 0? 


(c) 


(a) 
(e) 


Turn scanner for horizontal scan 

Turn Y-amplitude control to maximum but leave X-amplitude 
control at minimum, 

The timebase will now appear ss a series of traces due to 
effect of 1000 c/s pick-up on the heater line appearing at the 
anodes of the Y-amplifiers and hence across the Y-plates. 
Adjust the hum-eliminator control until the width of the band 
oP treces is reduced to a minimm, 

Turn Yeamplitude control back to minimun. 


This adjustment is only required in earlier 184 indicators which are not 
provided with a centre=tapped heater system, 


Setting up Amplitude and Shift Controls. 


9556 ) 
b 
cS 


(4) 


(e) 


Set scan-marker switch to 30/20 position. 

Set range control for 20 statute or 1/7 nautical miles, 

Adjust amplitude controls for reasonably ciroular range marker 
at outer edge of tube. Ime to differences in the deflection 
sensitivities of the X and Y plates the marker may remain 
Slightly elliptical with the Y-diameter rather greater than the 
X~diameter. 

Set range control to bring range marker about half-way out and 
check that it is circular. If necessary, slightly readjust the 
amplitude controls. 

Readjust H and V shifts for centring, if necessary. As 
varying the setting of the amplitude controls may alter the 
relative currents through the two valves in each amplifier pair 


a slight readjustment may be needed. 
Switch to 10/10 position and set distortion corrector te 25,000. 


Set range control to 10 statute or 8.5 nautical miles. 
Adjust 10 mile zero so that range marker appears at edge of 
scan. Remove 10 mile zero knob, 


If no Fishpond fitted or W.F.G.43 fitted to supply independent 
bright-up for Fishpond, set the W.F.G. and switch unit bright=-up 


controls fully anticlockwise. This ensures that the W.F.G. 
bright=-up starts as early as possible. 

Check that no hole appears in the centre of the P.P.I. when the 
height is reduced and the distortion corrector setting is varied 
accordingly. The appearance of a hole indicates that the 
W.F.G, bright-up is commencing after the formation of the height 
marker and phantastron bright-up. 


Checking Distortion Corrector, 


956. Check that range coverage obtainable with the range marker remains 
sensibly constant as distortion corrector and height control are varied in 


step fram 25,000 to 5,000', 
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setting=Up Contrast, Brilliance and Focus. 


957. bef Set contrast, brilliance and gain fully counter-clockwise. 
b}) urn brilliance clockwise until trace and flyback just appear 
then turn brilliance back four notches. 

(sc) Turn contrast clockwise until radial scan just appears, then 
turm back one notoh from fadeout point. This is a convenient 
way of setting the contrast oontrol to the point where top- 
cutting of the range marker end strong signals just commences. 
Put index line on contrast knob and dot on panel behind it. 

(ad) With scanner stationary, adjust focua for sharpest range marker 
dot. 

(e) Turn brilliance back counter-clookwise until range marker 
luminosity just starts to fall. This fall of luminosity must 
not be confused with any alteration in the shape of the range 
marker dot. The normal movement will be 3-5 notches. Put 
index line on brilliance knob and dot behind it on pane 

(f) Turn gain to a normal setting. 


The inexperienced navigator would be well advised to leave the brilli~ 
ance and contrast controls set at these index marks and work on gain only. 3 
Further clockwise rotation of the contrast control will result in top- 
cutting of signals and loss of target detail. To bring up coast-lines, 
lekes and rivers, this will be desirable. The same way apply when it is 
desired to get a target outline rsther than target detail, The experienced 
navigator may be able to obtain slight improvements on these settings but 
can always use these settings to get a normal display. 


Sett: Height Tube Controls. 


958. (a) Adjust brilliance to suitable level and check that flyback 
is blacked out, 

iP Adjust shift to bring suppression break to bottom of tube. 
Adjust focus for sharpest picture. 


Adjusting synohronis ation of Tx. 


959. Vary setting of modulator peref. control and note from height tube 
display the point or pointa at which the signals and markers become unlocked. 
If two points observed set the control at the mid-point. If only one point 
observed set the control three notches back from the point. The locking 
point should normally be within + 3 notches of the red index dot. 


Checking Modulating Pulse. 


960. (a) Check amplitude of modulating pulse by scoping at the biue/ 
white voltage monitor Pye plug on the modulator 6) panel, 
Take amplitude at mid~point of the second “ring" rather then 
at first sharp spike. This will normally be of the order of 
50V. Multiplication by 6 gives the approximate voltage. 

(b) Check current value of modulating pulse by scoping at one of the 
brown/white current monitor points on the modulator 64 panel, 
Measure amplitude to the mid-point of the “rings” on the top 
of the pulse, This amplitude gives the approximate current 
value which will be of the order of 50 amps. 

(c) If the observed values are radically different from normal 
values check the -4KV. voltage with an electrostatic voltmeter 
and a suitable voltage divider. 4 : 

(2) Check width of pulse at half amplitude. It should be approxi- 
mately 1 microsecond. 

(e) Check that the first positive overswing on the voltage waveform 
ig not of abnormal amplitude and ‘that subsequent overswings are 
negligible. If this is not the case suspect overswing diode or 
its load, 

(f) If other abnormalities appear when -4KV. supply is normal, 
suspect magnetron, pulse transformer, filement transformer 
pulse cable and pulse leads. 
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Scanner and Control Unit Checks. 


Checking Scanner Speed. 


961, (a) Check that scanner revolves freely when the scanner switch is 
closed on the switch unit. | 

(b) By varying the control unit 477 speed control, check that the 

scanner speed can be varied smoothly between 20 and 60 repels 


Checking Course and Track Marker Circuits and Controls. 


962, (a) Set indicator 18} switch and H.C.U. switch to "Course". 
Check that heading marker is present and that it can be moved 
with the manual setting control on the H.C.U. 

(b) Set indicator 18) switch and H.C.U. switch to "Track" end note 
that a marker appears. Check that it can be displaced +60° 
from the heading marker on the P.P.1I. by varying the setting 
control on the H.C.U. 


Checking Repeater Motor Operation. 


963. Connect up the testing equipment as indicated in fig.153. 

Adjust rheostat to give 18-20V. reading on meter. 

Set H.o.U. switch to "Course". 

Check that heading marker can be moved without sticking through 

360° in both clockwise and anticlockwise directions with the 

setting control on the H.C.U. 

(e) If the course repeater motor passes this test, set the heading 
marker to read the same bearing as the repeater compass and 


put H#.G.U. switch to the "Auto" position. 
(f) Switch on the V.S.C. and turn the control knob on the V.5.0. 


slowly till rotation of the repeater card and heading marker 
commences. After a‘few revolutions stop the V.S.C, and check 
the bearings of the repeater compass and heading marker. If no 
slipping of the repeater motor has ocourred the readings will 
coincide. It may then be assumed that the repeater motor will 
follow the DR. compass. 

(g) Should slipping appear, the scammer must be taken down and the 
repeater gear traim cleaned and greased 4s outlined in scanner 


maintenance, paras.1064. and 1066. 


ao oO ® 


964. tes Set 184 and H.C.U. switches to the "Track" position. 
; b) Check that by using the manual setting control the track 
marker can be moved 60° either side of the heading marker 
with the D.C. supply set at 18=20V. 
(c) If this is impossible, the repeater motor and the driving link 
mast be cleaned and greased as outlined in scanner maintenance, 


paras. 1064 - 1067. 
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965. (a) Check that scanner is looking dead shead when the white lines on 
- geanner base casting are lined up. 

{(b) Check that the "course" contact just comes into contact with the 
shorting contact as the scanner comes into the dead-ahead 
position, by taking a continuity test between pins 10 and 12 
at the 12-way on the receiver-timing input. The scammer mast 
be rotated in its normal direction of rotation and continuity 
should be established as the white lines come into coincidences. 

(c) If misalignment appears the "Course" contact must be aligned 
as outlined in para.1071. 


Stabilised Scanner and H.C.U. Type 446 Wiring. 


966. (a) The wiring of Control Unit 446 and the Course and Track M motors on 
the Scanner (Scanner Type 63 in H.2.S. Mark IIC and Scanner Type 71 
in H,2.S. Mark IIIA) has been arranged so that in both the Course and . 
Track 'manual' positions on the Control Unit clockwise rotation of 
the control knob gives clockwise rotation of the markers on the 
Indicator 164, 

(db) In the tAutot Course position, the Course marker bearing will. follow 
the aircraft heading, assuming the aircraft D.R. compass wiring is 
correct; in the 'Auto’ Track position the Track marker is correctly 

synchronised to the Bombsight Computer. In the latter case, | 
clockwise rotation of the flexible shaft on Control Unit 468 should 
give anti-clockwise rotation of the track marker on the Indicator. 


967. The M Motors on the Scanners 63 and 71 are connected to a 6-way W plug 
(violet) and the connections on the M motors are labelled 1, 2 and 5. ‘In order 
that the above conditions of rotation be satisfied, the W plug connsctions to 


the M motor must be as follows:- 


Pin 1 connected to 1.on Course M Motor. 
tt 


* 9 it " 32 8 " tt 
" 3 rt no tt tt in 
e a i] 41 "' Drack " tt 
n 5 n H > nN we tt tt 
t § i "zon tt tt tt 


968. The first few Type 71 Scanners from the manufacturers have been wired 
differently. On Scanners Type 71 with serial number less than 26, this wiring 
should be checked before installation, and if wrong, corrected. Scanners with 
serial numbers above 25 will be correotly wired, 


969. The earlier RPU versions of Control Unit 446 are mow to cause the 
Course marker to rotate in the opposite sense to the aircraft in the ‘Auto’ Course 
position, This unit should be ground tested in the aircraft in the ‘Anto' Course 
position by means of the ¥.S.C. If the course marker rotates in the wrong 
direction, then interchange the connections to two pins on the 4=way W plug on 
the Control Unit front panel, Later RPU Control Upjits 446 are wired to give 

the correct rotation of marker but the above check should be made on every unit, 


970. The ATE versions of Control Unit 446 are correctly wired, The RPU 
units can be distinguished from the ATE ones by the wiring. RPU use 22 SW 
with grade 3 sleeving, while ATE use a thinner wire with a cotton sleeving 
material, The ATE units are usually o darker shade of grey then the RPU ones 


but this test is not reliable. 


Fishpond Bench Alignment. 


Pr eliminary. 
971i. bef Connect up units in accordance with cabling diagram. 


b) Carry out normal alignment of H.2.5. installation. 
Internal B-C Switch. 
972. Check that the B-C switch is in the fully clockwise or C position, 


Pocus. 


973. (a) Fishpond gain at minimum (fully anticlockwise). 
b) Fishpond brilliance up till diametral scan just appears. 


c) Adjust focus for sharpest scan, 
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Shifts and Tube Orientation. 


I 7h 


(2) 


(c) 


Adjust scanner for vertical trace on H2.S5. P.P.I. 

Check that Fishpond trace is also vertical. If not, 

rotate Fishpond C.R.T. until a vertical trace is obtained. 
Adjust H shift to bring the vertical scan through the tube 
centre by using the gratioule. 

Rotate scanner till trace horizontal. 

Using the graticule, adjust the Y-shift to bring the horizontal 
trace through the tube centre. 


Any deformation of the electrode structure should now be corrected by the shift 
voltages. 


Balance Check for the Valves in each Amp lifier Pair. 


975. S 
b 


Go 


(a) 


Scan-marker switch to 100/40 position. 

Scamner rotating. 

Note whether the diametral scan rotates about the centre of the 
tube on a sloppy bearing. If so, the amplitudes of the output 
at the two anodes of either one or both amplifier pairs are 
unbalanced. | 

Adjust the balance presets (VR.79 and VR.80) until rotating trace 
is as stable as possible about the tube centre. On the 100/40 © 
sean it will rarely be possible to get absolute stability of the 
centre of rotation due to the hign gain of the amplifiers. 
Reasonable stability should be obtained on the 100/20, 30/20 and 
10/20 positions. High stability should be obtained in the 10/10 


position. 


Bright-Up Amplitude (WeF.Go45 not fitted). 


The bright-up amplitude will be sufficient if H.2.S. contrast has been 
set up as outlined in para,.957. 


Bright=-Up Commencement and Range Controls. 


976. 


977- 


? 


ono Of 


(f) 


(g) 


Fishpond gain to maximum, 

Scan-marker switch to 100/40 position for 50-mile sawtooth input. 
Fishpond brilliance so that radial scan just eppears. 

Scanner turned to give horizontal scan, 

Press marker push-button and note where innermost marker dot 
appears on the radial scan. Check whether this is the zero 
marker by advancing Fishpond brilliance end noting whether any 
sdditional marker dots appear. If the bright-up adjustment is 
correct the first dot will appear at the beginning of the radial 
scan, since this represents the beginning of the bright~-up pulse. 
If this is not the case, adjust the switch unit bright-up control 
until the zero marker dot coincides as nearly as possible with the 
imer edge of the radial scan. In some cases it may not be | 
possible to retard the bright-up sufficiently to prevent it 
commencing early. Should this occur no harm is done so long 

as the bright-up does not commence sufficiently early to allow 
breakthrough of the spurious pulse at the beginning of the 20 
microsecond pulse. Such a breakthrough will produce a false 
marker inside the zero merker dot. The present of such a 

false marker can be checked by removing the H.2.5. suppression 
completely and letting the transmitter pulse break through on 
Fishpond to produce a "splash", that widens out the true zero 
marker, : 
Select the range preset marked 50 which operates on the © 
amplifier pair producing the horizontal sweep. Adjust for 4, 5 
or 6 (depends on individual sets whether 6 obtainable) marker dots 
on the scan. ‘The zero dot should be 4 = 2" from the tube centre. 
With 4, 5-6 dots on the scan set the scanner rotating. Adjust 
the second range preset marked 50 (working on the other smplifier 
pair) until the markers trace a circle. 


978. (a) 
(b) 


(o) 
(a) 
979. te! 


(c) 


980. (a) 
(b) 
(co) 


(2) 


(e) 
(f) 


Chec R 


981. | 3 
b 
6 


(a) 
(e) 
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Set scan-marker switch to 30/20 position to get a 30 mile sawtooth 
input. 

Check the first marker dot obtained is the zero marker by noting 
where the H.2.S. range marker dot appears when the range control 
is set to zero or use suppression check. 

If necessary, adjust the 30 mile zero to shift the 20 micro~- 
second pulse on the sawtooth so as to bring the zero marker dot 
{occurring on its back edge) up on the brighte-up. 

Use one range preset labelled 30 to get 5-6 marker dots on the 
horizontal scan. Adjust the other for circular markers when the 


scanner is rotating. 


Scan-marker switch to 10/10 position for a 10 mile sawtooth input. 
Check as before that the first marker dot is the zero marker, If 
not, adjust the 10 mile zero to move the 20 microsecond pulse along 
the sawtooth until the zero marker on its back edge appears on the 


bright-up. 
Use the range presets labelled 10 to get 4, 5-6 circular markers 


with the scanner rotating. 


Check through the scans now for the correct number of markers on 
each scan. 

Cheok that the zero marker appears approximately the same distance 
from the centre on all scans. This should be about #$*. 

Check that bright-up commences about 3" from the centre on all | 
scans, i.¢., that the zero markers are on the immer edge of the 
bright-up on all scans, . — 
If this is not the case, alternately adjust the switch unit 
bright-up control on the 100/40 position and the W.F.G. bright-up 
control on the 10/10 position until the bright-up does commence 
about $" from the centre on all scans as shown by the position of 
the inner edge of the heading marker, 

If the zero markers on the 30/20 and 10/10 positions are not at 
the commencement of the bright=-up now adjust the 30 and 10 mile 
zeros to bring them, respectively, to this point. 

With the scanner rotating the zero marker should now cut the 
commencement of the heading marker on the first five positions 
of the soan-marker switch, 


Calibration. 


Scan-marker switch to 10/10 position. 

Height control to zero, 

Adjust range control to bring H.2.5. range marker dot successively 
on each Fishpond marker dot and read the range scale. If 
calibrated in statute miles the readings should be 0, 1, 2, 3, 4& and 
5 miles (approximately - see para.696). 

If any error is apparent the inductance, L.2, can be unsealed 

and the core adjusted to give the correct ringing frequency. 

An alternative method which is not dependent on the switch unit 
range scales is as follows:~= 


(4) Feed H.2.S. range marker from red Pye plug on the 

W.F.G. to the monitor 28 (Use interceptor socket). 
33} Set timebase switch for a 100 microsecond timebase. 
(iii) Note the calibrated X-shift setting when the H.2.S. 
range marker dot appears on the centre of one of the 
marker dots on Fishpond, Set the range control to 
bring the H.2.S. range marker up OM the next Fishpond 
marker dot and again read the X-shift. The differ 
ence should be 10.75 microseconds, 
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Changes in Procedure if WeF.G. 45 Fitted, 
Prelimi « 

982. (a) Connect as outlined in chap.10, paras.719-722 and check that 
condenser between black Pye plug and Fishpond signal amplifier 
cathode is removed, 

(b) H.2.S. alignment as normal except that W.F.G. and switch unit 


bright-up controls can be set fully anticlockwise. 
({c) B-C switch, focus, shifts and balance presets as usual.e 


Bright-Up Amplitude. 


983. (a) Scan-marker switch to 100/40 position, 
{(b) #.2.S. gain to mid-way position. 
c) Bright-up preset on WeFPeGe43 (R19) fully anticlockwise to 
hold mixer grid at lowest level and so out bright-up output 
to minimun, 

(a) Set Fishpond gain control (now used as a limiter) fully clock- 
wise to make current passed by signal amplifier a maximum and 
thus take the mixer cathode to its maximum level in so far as it 
is controlled by the Mshpond gain control. 

(e) Scope the waveform at the anode of the Fishpond signal or video 
amplifier on the monitor 28. : 

(f)} Advance the W.F.G.43 bright-up preset, watching the waveform of 
the monitor. Noise will appear first, then the bright-up pulse 
increasing in amplitude. Presently top-cutting will start to 
take off the noise peaks and ultimately only the bright-up pulse 
will remain. Leave the control set at the point where the entire 
noise is just cut-off by limiting and the full bright-up pulse 
remains. 7 

(g) Turn the Fishpond gain anticlockwise and note the noise reappears 
and that when fully clockwise the bright-up and noise disappear 
completely due to cut-off on the amplifier grid. 


98h. f Set Fishpond gain and brilliance for a faint radial scan. 


b) Scan-marker switch to 100/40 position. 

ec) Scanner for horizontal scan. 

(a) adjust appropriate range preset labelled 50 for 5-6 marker | 
dots. Set scanner rotating and adjust other 50 preset for 


circular markers. 


985. ° Scan-marker switch to 30/20 position. 
b) Scanner for horizontal scan. | 
$3 Adjust appropriate range preset labelled 30 for 5-6 marker dots. 
Adjust 30 mile zero to start radial scen and first dot a" from 
the tube centre. 
(e) Adjust other 30 preset for circular markers with scanner 


rotating, 


Scan-marker switch to 10/10 position. 


Scamner for horizontal scan. 
Adjust appropriate range preset labelJed 10 for 5=6 marker dots. 


Adjust 10 mile zero to start radial scan and first dot 2" from 
the tube centre. 
(e) Adjust other 10 preset for circular merkers with scanner 


rotating. 


Checking Ranges Calibration, 


987. (a) ha in para. 981. 

(b) As alternative method if range scale is in nautical miles is to 
trigger the W.F.G. 43 and Fishpond from the test set 202 and 
inject the test set 1000 yard calpips at the black Pye plug on 
Pishpond. The calpips represent * nautical mile intervais 


go can be checked with the H.e2.S. range marker. 


986. 


BQO Oo > 


C.D-O896L 





JUNCTION BOX TYPE 238 
foA USE IN MK WA BENCH LAYOUT 


PANEL 


LAYOUT 





INTERCONNECTION  O1AGKAM 2 % ° 
te ton 
F o ES 
S 3 v Su 3 Be 
E « o ; < z 3 &F a - 
=. = 3 3 ¢@ 8 33 8 8, 
Ww we a + e aL ° efseD 
IZway <A @3 yt | 6 gt 98 99 9" of to 
AWAY 8 ‘ @% 9 
way C¢ 63 17 oF of & of " 9? f ? 
b way Dp a er ‘ag b 
AWAY € 1 @2 23 
bway Ff P 
4way ¢ t 92 9 
ZWay ou 1 §2 
Zway J 1 92 
ZWAyY kK t gz 
2way b& | 92 
2WAY M ' 47 
SWITCHED 3o00V LINE To TRIGGER VALVE 
IN MOOULATOR | 
Cees . “(reser as = SSeS) es = 1 eee pod 
PPoweR UNIT] = | J.B. 23) | 6.230 } |! TS 205 | | 36.238 7 | moo. ) 
J ! | i I j i 
| , | 
tT le v2 4 & leh Lis ds 219 | fro _ ° 
ou ——Oq-—4 ele pe oad Qa pnp] Ot dO ae | 
SwricH€ i C Oy { ' iD A! VALVE. | 
| | tt | i : | 
Dem mm am we ar te ore oe | L a im ee, nui J hn ee ce te ac —_t Pe a = oe eee fis: eee te a 


CONTACTS CLOSEO ONLY WHE? 
WAVEGVIVE SwitceH im Position | 


FIG.154 





CoD. 0896L 


Suppression. 
988. As outlined in para. 945. 


Brilliance and Gain. 


989. (a) Set brilliance to minimum. 
b) Set Fishpond gain to give a radial scan then back to 


fadeout point. 
Aircraft Checks. 


990. (a) Fishpond indicators end bright-up units should preferably be 
kept in pairs as the setting of the bright-up amplitude 
preset on the W.F.Ge43 will vary with different Fishpond 
indicators. | 

(b) The balance and range presets have been set up with a certain 
amplitude of sawtooth input obtained from the bench W.F.G. and 
magslip. If the sawtooth amplitude supplied to Fishpond 
from the aircraft magslip is different, the following 
difficulties may arise:- 

ms Incorrect number of markers. 
(44) Markers not circular. 

When a unit ia installed in an aircraft after bench alignment, 

the Fishpond display must be checked on escn of the first five 


scan positions. 


TR. 5555 Series 











of H.2.S. Mark IIIA (Us 


Bench Sett 
Transmitter Units and T.S.20 





Test Equipment Required; = 


991. Monitor 28. 
: Test Set 205 or 205A. 


Test Set 202. 

Test Set 85. 

Two D.C. milliammeters. O.2 ma and O-10 ma. 
Electrostatic voltmeter. 0 - 3.5 KV. or O-5KV. 
Avo. Model D. 

Mismatch Unit Type 257 

Junction Box Type 238, 


Power Supply Checks. 
992. As outlined for setting up of H.2.S. Mark IIC 


aan nate atti ali sl a en 


Y ie ODO oO 


on 


Transmitter Unit Test Installation, 


993%. To prevent damage to the test set 205 by switching on of the 
modulator when the waveguide switch is not in position 1, the J.B.238 should 
be used to intercept the l2-way violet from the J.B.251 to the modulator. 
Connections are made as follows:= 


(a2) Disconnect the 12-way cable from the modulator and connect 
to plug C of J.B.238. 
b) Connect plug A-to the 1l2<way plug on the modulator, 
te Connect the 4=-way plug on J.Be231 to plug B. This supplies 
2hVe Do. and BOV. AeCe ° 
(a) Conneot plug D (6-way) to test set 205. 
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994. The flexible rubber guide section nomnally used to feed the R.F. output 
to the scanner is connected to the input channel for the test set 205, 


995. (a) Tne electrostatic voltmeter is connected between the cathode of the 
transmitter unit klystron and earth, A suitable tapping point is 
on the reamnost tag on VRe3 which is connected directly to the 
cathode, 

(b) Jacks connected to the millianmeters are plugged in at jackpoints 
for crystal current and power pack current, , 
996. Remove the graphite and asbestos fishtail dummy load from the waveguide 
power channel, Fasten the mismatch unit on top of the waveguide and insert the 
fishtail in the mismatch unit. Withdraw the quartz probe on the mismatch unit 
so that it does not extend into the guide to introduce a standing wave. 


Preliminary Check of the Local Oscillator and its Power Pack, 


997. (a) Switch on LT. and check the meter readings. There will be an 
initial surge after which the readings will settle down to a 
steady level, These should not exceed:- 
(i) -1600V. for the klystron cathode 
(4i) 7.5 ma. for the E.HT. current. 
(4i1) 1.5 ma. crystal current. 
(b) If any of these figures is exceeded:- 
(i) Turning VR.1 (E.HT. volts control) clockwise will 
reduce the klystron cathode volts 
(41) Anticlockwise rotation of VR.3 (kKlystron grid volts 
control) will reduce the E.H.T. current since this serves 
to inorease the klystron bias thereby reducing the Klystron 
current which is the major portion of the E.H.T. current. 
(iii) Withdrawal of the mixer probe will reduce the crystal 
current since the C.W. input to the mixer is thus 
attenuated, 


Re Fe setting up Sequence sand Objective. 


998. (a) Adjusting the RF. output matching controls for maximum power output 
consistent with frequenoy stability. 7 

{b) ‘Tuning test set wavemeter to magnetron frequency to permit tuning 
of test set klystron to same frequency. The test set Klystron 
can then act as an R.F. oscillator at the magnetron frequency for 
lining up the RF. receiver controls, : 

{c) Setting up the test set klystron for oscillation at the magnetron 
frequency. 

(d) Feeding the test set klystron input into the mixer chamber through 
a dummy T.Re cell and tuning the mixer for maximum response to the 
magnetron frequency. 

(e) Inserting the actual 7.R. cell instead of the dummy and tuning 
the T.R. cell for resonance at the magnetron frequensy. 

(f)} Replacing mixer and 1.R. cell in the transmitter unit and tuning 
the anti-T.R. chamber for maximum flow into the receiver branch 
line at the magnetron frequency by feeding the C.W. from the 
test set into the transmitter unit. “ 

(g) Setting up the local oscillator power pack for correct operating 
conditions, 

(n) Tuning the local oscillator 45 Me/s. off the magnetron frequency 
by beating the test set klystron signal with the local oscillator 
signal and feeding the rectified beat signal through the head 
emplifier to the 45 Mo/s. I.F. amplifier in the test set. 

Correct tuning is indicated by maximm output from the test set 
amplifier. “a 

(4) Adjust L.0. input to mixer for optimum input as indicated by 

correct crystal current value. 
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Lining Up the RF. Output Controls. 


999. Throughout all lining up operations the transmitter unit cover should 
be kept on as far as possible to avoid a fall in the field strength of the 
magnet when the cover is replaced at the close of the setting up. 


(a) W.G. switch to position 1 to feed magnetron output into test set 
dummy load and power measuring neons,. 
(b} Selector switch in position 1 to connect neons in series with 
test set meter. 
(c} Sensitivity switch is out of circuit so position is immaterial, 
May as well be set to Max, for next test. 
(4) P./1.Fe switch ~ immaterial, but may as well be set to "P" for 
next test. 
(e) Power switch closed. 


1000. (a) Wait ot least three minutes after time "L.T.0N" pressed before 
pressing "H.T.ON". This is to ensure that magnetron cathode 
is properly heated before modulator pulse is applied, 

{b) When red light comes up check that the OV.115 fires within 10 
seconds. The gap is visible through the hole in the side of 
the waveguide, If this cell fails to ionise, magnetron power 
is flowing into the anti-~T.R. chamber and a reflected wave, i.e., 
unwanted reactance, is causing a mismatch which should not be | 
present while adjusting the magnetron matching controls. 
Readjust magnetron matohing controls till ¢.vV.115 fires. 

(c) If no reading is obtained on the test set meter when the red light 
comes on and the transmitter fires, the mismatch is so bad that 
the RF. power flowing into the dummy load is insufficient to 
cause the neons to strike. Press the "Ionise” button to apply 
+300V. to the neons and strike them, Once struck, the power 
flow into the dummy load is sufficient to keep them ionised and 
thus sustain a meter indication, 


1001 (a) In the Bush hoxes with the threaded plunger, set the plunger full 
ine Move the iris through its full range of travel and set at 
the point of maximum meter indication. . 
(b) Move plunger out slightly and readjust iris for maximum meter 


indication. 7 ; 
(c) Repeat until point found where maximum output is obtained, 


1002. {a) If other boxes used with sliding plunger, set iris at one end of 
: _ travel and move plunger through its full range of travel and set 
to point of maximum meter indication. 
(b) Move iris by rotating the adjusting ring about 1 turn and again 
Slide plunger through full travel and set it to position for 


maximum meter indication. 
(c) Continue until iris has been taken through its full range of 


travel. Finally set iris and piston to the positions which 
gave maximum meter readings 


1003. (a) With boxes using the Silica tuning rods on a moveable carriage 
there is much less interaction between the two adjustments. 
With the rods projecting in about 3", slide the carriage through 
its full travel and set at the position for maximum meter reading. 
Now adjust distance the rods project into the guide for maximm 
meter reading. 

(b) Check whether displacement of carriage gives any improvement, 

and if so, whether further slight readjustment of the distance 
of probe projection gives further improvement. Set at optimum 
position of carriage and distance of projection. | 
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Modir 4 Check. 


1004. (a) C.V.108's are inclined to show "moding", i.e., transmitting at 
random on two different frequencies. C.V.208's may show the 
allied problem of "frequency splitting", i.e., transmitting on 
two frequencies in the same pulse. These faults are most likely 
to appear at maximum loading, i.e., when matched for maximum 
power output. 

(b) To check for this form of frequency instability, the rectified 
transmitter breakthrough getting through the T.R. cell is taken 
from the mixer output plug by Pye lead to the monitor 28 Set 
the monitor for a 10 microsecond timebase and maximum amplifi- 
cation, Adjust the mixer piston for maximum response, The 
negative-going rectified pulse envelope should then be observable 
on the monitor. 

(c) Push in the probe on the mismatch unit and move the mismatch unit 
carriage through its travel. If the pulse remains clean and 
steady no moding is ocourring. If it becomes jittery and ragged 
and varying in shape, or if a smaller pulse appears inside the 
larger, moding is taking place. This can usually be cured by 
clockwise rotation of the matching iris control to bring the 
iris nearer the magnetron, : 

(ad) A careful check must be kept on the power output and the meter 
reading should not fall more than 10% from its peak value when 

a clean stable pulse has been obtained. One or two revolutions 
of the iris control are normally sufficient. 


Wavemeter Tunin, ge 


1005. (a) Waveguide switch to position 1 
b) Selector switch to position l 
o) P./I.F. switch to "P", 
(ad) Sensitivity switch to "Max." 


1006. RF. from the magnetron leaks around the waveguide switch in 

sufficient quantity to excite the wavemeter cavity when the latter is tuned to 
the resonant frequency. The leakage through the cavity to the oavity orystal 
is rectified and smoothed by the crystal assembly, With the P./I.F. switch 
set to "P", the negative-going video pulse is applied to the two-stage 
amplifier, which operates now as a video amplifier. fhe negative-going output 
pulse passes through the diode and is converted to a negative-voltage at the 
magic eye grid by an integrating or long time constant smoothing C.R. This 
negative voltage increases in magnitude as the cavity is tuned to resonance at 
the magnetron frequency. The sensitivity switch varies the gain of the 
amplifier. 


1007. ‘32 Tune wavemeter to make magic eye close. 
b) If overlapping occurs, reduce sensitivity with the sensitivity 
switch and continue tuning for maximum closing without complete 
- closing or overlap. | 


Frequenoy Pulling Cheok. 


1008. (a) C.V.208's in particular are susceptible to frequency pulling 
and "gapping" due to varying reactance coupled back by varying 
reflection from a slightly assynmetrical perspex cupola. 

(b) To make a frequency pulling check, with the mismatch unit probe 
into its stop slide the carriage of the mismatch unit up end 
down and note whether any opening of the magic eye occurs. | 
Such opening indicates that the magnetron frequency has shifted. 
Some indication of the amount of frequency change can be obtained 
by retuning the wavemeter. The dial calibrations, 0.05 to 
0.35, indicate wavelengths from 3.05 to 3.35 oms. The frequency 
change can be reduced to a minimm by a clockwise rotation of 


the matching iris control. 
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(c) Care mst be taken not to drop the power output by more than 
10% by the readjustment of the iris. The 10% reduction of 
output is recommended as a safeguard against probable frequency 
pulling. 

(d) Check that the wavemeter is tuned to resonance. Lock the 


wavemeter tuning controls, the matching iris and the tuning 


. plunger. 
Lining Up the R.F. Input Controls. 
Preliminary: — 


1009. (a) Press "L.T. ON" as switch unit to switch off the -4KV. and 
+ 1.8KV. supplies. 
(b) Discomect the pulse cable and the l2=way red from the 


transmitter unit. 
(c) Close the "Oscillator" or E.H.T. switch on the test set 205 and 


allow a few minutes for warming up. 


Setti the Test Set tron. 


1010. (a) Waveguide switch to position 2, the "blind" position, which 
blocks the escape of any klystron output. 
{(b) Selector awitch to position 2, to connect rectified output 
from test set klystron crystal to the test set meter. 
(c) Sensitivity switch to maximum, 


1011. +e If the klystron is oscillating the meter will show an indication 
b) If not oscillating, the setting up drill will follow that for the 
local oscillator outlined in paras.1022 to 1027. . 
(c) When oscillating, vary the tuning to check that it is oscilleting 
throughout its range. 


the atron to the Mametron Frequency. 
b) Selector switch to position 3 to connect the rectified output from 


the wavemeter crystal to the meter. 
(c) Sensitivity switch to maximm, 


1022. te} Waveguide switch to position 2. 


1013. (a) Tune klystron until meter needle shows sharp rise to indicate 
that klystron is oscillating on the frequency to which the wave- 
meter is tuned, ice, the magnetron frequency. 

(b) ‘This ration requires considerable care ag the t is ve 
5 - if the tuning control on the klystron is rotated too 
rapidly it is possible to pass through the resonant point before 
the meter needle has time to indicate it. 

(c) During this stage it is advisable to occasionally set the 
selector switch back to position 2 to check that the klystron 
is still oscillating. 


LOL. When the klystron is thus tuned to the magnetron frequency it provides 
a relatively low power source of C.W. at the magnetron frequency which we can 
use to adjust the R.F, input controls for maximum response at the magnetron 


frequency. 


Mixer ® 


1015. (a) Attach the dummy T.R. cell to the waveguide section protruding 
from the top of the test set with the end with two small holes 
uppermost. 

(b) Remove the mixer chamber from the transmitter unit and mount it 
on top of the dummy T.R. cell. The chamber should be in the 
seme plane as in the transmitter unit. 

(c) Take a Pye lead frem the mixer output plug to the Pye plug on 
the test set panel. 


A 


‘hs eee oe 


C.D. 0O896L 


1016. (a) Waveguide switch to position 3 to feed test set klystron 
signal into mixer chamber. 
(b) Selector switch to position 4 to feed rectified and smoothed D.C. 
voltage from crystal in mixer vie the Pye lead to the mter. | 
(c) Sensitivity switch to maximum unless meter reading is too great. 


1017. (a) Adjust mixer piston for maximum meter reading reducing 
sensitivity switch setting as required. . 

(b) Rotate orystal holder in the mixer chamber for maximum meter 
reading, This is to get the tungsten whisker in the position 
which gives the maximum response. 

{c) Note meter reading. If below that normally obtained on the 
test set the orystal should be checked by substituting a new 


One» 


TR Cell Tuning. 


1018. (a) Remove the dummy 1.R. cell and insert the CV.114 in its place. 
Ensure that it is mounted in the seme plane as in the HF. box. 
(>) Tune the T.R. cell for maxim meter indication. The control 
should be moved one notch at a time as t is very s e 
ts Retune mixer chamber. 
d) Note meter reading. It should normally be at least 90% of 
that obtained when the dummy T.R. cell was used, 


Tuning the Anti-T,R. Chamber. 


1019. (a) Replace the mixer chamber and T.R. cell in the transmitter 
| unit but do not insert the L.0. probe. if this probe is 
inserted appreciable signal power will couple back into the 
L.0. and this loss will cause a big drop in meter reading from 
the value above in (d). 
(b) Couple the mixer output plug to the Pye plug on the test set by 
a Pye lead. 


1020. (a) Waveguide switch to position 4 to feed the output from the test 

7 set klystron into the transmitter unit. 

(b) Selector switch toe position 4, as before, to feed smoothed 
rectified output from mixer crystal via the Pye lead to the 
teat set meter, : 

(c) Sensitivity switch to maximum, 


1021. Adjust anti-T.R. piston for maximm meter indication. Tuning may be 
very flat, depending on the phase of the wave that goes up to the magnetron 
and reflects. When maximum meter indication is obtained the maximum power 
flow is going up the receiver branch line. The Ref. receiving side of the 
transmitter unit should now give the optimum response to signals at the 
magnetron frequency. 


Sett the Local Oscillator Power Pack. 


1022, te Replace the red 12-way cable to the transmitter unit. 
b) Check that the electrostatic voltmeter is properly connected 
to the klystron cathode and that the milliammeters are jacked 

in at the crystal current and E.H.T. current points. 


1023. (a) Turn V.R-1 (E.H.T. voltage control) fully clockwise. This 
takes the VI.127 grid as far negative as possible and thus 
reduces the E,H.T. voltage to a minimum, 

{b) Turn VR.2 (reflector volts control) fully clockwise to reduce 
the potential difference between reflector and cathode to a 


ninimum 
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(c) Turn VR.3 (grid volts control) fully anticlockwise to put the 
maxim bias on the klystron and so reduce the klystron (and 
therefore E.H,T.) current to a minimum, 


The conditions required for stable oscillation are:- 


102). (a) Cathode potential approximately -1600V. but not more negative 
than this value. | 
(3 Total E.H.T. current 7 - 7.5 ma. 
c) Crystal current 1.5 ma. 


The controls will interact, particularly VR.1 and VR.3. 


1025. te Set the L.0. coupling loop to maximum 
b) Set the probe in just far enough to get a crystal current 

indication when the klystron starts oscillating, in order to 
prevent pulling of the L.0. frequency by the signal from ths 
test set klystron coupling back into the L.O. cavity via the 
mixer and the coaxial from the mixer to the L.O. This pre- 
caution applies in the next test when the LO. is being tuned. 
(c) Set the waveguide switch to position 3. This precaution is 

to prevent the signal from the test set klystron reaching the 

mixer and giving a orystal current indication before the L.0. 


is actually oscillating. 


1026. (a) Rotate VR.1 anticlockwise until klystron cathode voltage is 
-1600¥. Note E.H.T. current reading. 

(b) The reading will normally be low. Turn VR.1 back (clockwise) 
and advance VR.3 (clockwise) a few notches. Now take VR.1 
anticlockwise again until the cathode voltage again reaches 
-1600V. Note z.HeT. current again. 

(co) If the value is still low, repeat the procedure in (b) until 
E.H.T. current of about 7.5 ma, is obtained with a cathode 
voltage of ~1600V. VRel must be turned back each time before 
advancing VR.3 or the cathode voltage will be above -1600V. when 
the required klystron current is obtained. This will shorten 


the life of the CV.129. 


1027. (a) When the correct operating conditions are obtained, rotate VR.2 
anticlockwise until oscillations are obtained as indicated by a 
crystal current reading and a sharp kick of the E,H.T. current 


meter needle. 
(b) If on rotating VRe2 the crystal current shows a sharp and slow 


side, set VR.2 just past the peak on the slow side, 
{c) The crystal current value may remain low in actual value due to 
the kKdystron frequency being a long way off that of the T.R. cell 
and mixer cavity, and because of the attenuation at the probe, 
The probe setting should be such as to make satisfactory indications 


obtainable but no more. 
Tre Oe to Mc/s. off Mametron Frequency. 


1028, (a) Waveguide switch to position 4 to feed output of test set 
klystron at the magnetron frequency into the mixer where it 
will beat with the L.O, signal. The rectified I.F. envelope 
from the mixer to the head amplifier will then be at a frequency 
equal to the difference in the frequencies of the two klystrons. 

{(b) Connect the mixer output plug to the Pye plug on the head 
amplifier with the normal lead, a 

(c) Connect the head amplifier output pye plug to the Pye plug 
on the test set 205, 

(a) Set the P./I.F. switch toI.F, The two stage amplifier in the 
test set now has the necessary RF. decoupling applied to 
operate as an I.F. amplifier. The anode losds are resonant 
at 45 Mo/s. The output to the diode detector will then be a 
maximum when the beat frequency fed from the mixer into the head 
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amplifier and from the head amplifier to the test set amplifier 
is 45 Mc/s. The detector output is smoothed by the long’ C.R. 

and the negative D.C. voltage applied to the grid of the magic 

eye. The magic eye will therefore close as tuning progresses 

towards the 45 Mo/s. difference frequency. 


1029. (a) Tune the L.0. until the magic eye oloses to show that the 
correct frequency difference of 45 Mc/s. has been obtained. 
The L.O. will now operate 45 Mc/s. off the magnetron frequency. 
(b) Adjust the setting of the mixer probe for a crystal current of 


1e5 Mae 


1030. (a) Disconnect the test set from the transmitter unit and connect 
the latter to the scarmer. 
(b) Replace the pulse cable from the modulator 64 to the transmitter 
unit. . 
(c) Rotate the scanner to pick up a permanent echo and checic the 
tuning of the L.0., mixer and T.R. cell on signals. 


d) Do not touch the magnetron output controls, 
2) Seoure Ly Tock all controls. 


f)- Set the Geneva wheel so that the L.0. can be tungd on either 
side of the resonant point. 


1031. Although the test set has been disconnected from the transmitter unit, 
the waveguide switch must be left in position 1 while tuning on signals if 

the JeB.e 238 is used. This requirement arises out of the fact that the wave- 
guide switch is controlling the +300V. supply to the trigger valve in the 
modulator and only completes this supply in position 1. If it is required to 
use the junction box 238 with the test set 205 temporarily removed, the trigger 
valve supply may be completed by returning the Test Set 6-way to plug F on 

the junction box 238. Then plugs D and F will be joined by the 205 6-way 

and the 300 volt supply will be completed to the trigger valve. 


nunmary of Setting—-Up Procedure 


1032. 


“owitoh | Switch | Sitch |-Switen | toot 
fest | Switch Switch | Switch | ~ Switch Test 
Switch on LT. and wait at 
least 3 minutes before switch- 
ing on HT. 
1 i 1 Pp - Tume Tx output line for max. 
output as denoted by meter. 
Check for moding and 
frequency drift. 
2 i 1 P Max. Tune wavemeter to Tx frequency, 
| denoted by closing of magic 
eye. Switch off modulator. 
Disconnect pulseand 12=way 
cables from Hs. box. 


3 2 2 P Max. Check oscillator in Test Set 
on meter. 
4. 2 3 P Maxe Tune Test Set oscillator to 


frequency of wavemeter. 
Denoted by sharp rise of 
meter needle. 

D 3 4. P Max. Place mixer chamber on top of 
waveguide on Test Set, 
inserting dummy T.R. cell in 
between Pye lead between 
mixer end Fye plug on Test 
Set. Tune mixer for MBXe 

meter reading. 

6 3 by P Max. Replace dunny T.R. cell by 

| T.Re celle Tune T.R cell. 
Meter reading should not 
fall more than 10%. 

7 4 4 P Max. Replace mixer chamber and T.R. 
cell in H.F. box, retaining 
Pye lead between mixer and 
Test Set. Tuwme anti-T.Re 
cell for max. meter reading. 

8 3 Replace l2-way cables to HF. 
box. Allow a few minutes to 
warm upe Set up local 
oscillator in HF. box. 

9 4 4, I.F. Mine Mix outputs from oscillator 

in Test Set and Local 

j Oscillator, and tune local 
oscillator for 45 Mc/s. 
aifference frequency as 
denoted closing of mazic 
eyce 
LO 1 Recheck tuning of local 
oscillator, mixer chamber, 
TR. and anti-TR. cells on 
Signals. set crystal current 
to ls Tie 
11 Lock all controls securely. 
set the Geneva wheel so that 
the local oscillator can he 
tuned either side of the 
resonant point. 


1033. Rest of setting-up procedure as for He2eS. Mark TIC commencing at 
Parae Dips 
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Suggested D. I. Procedure for H.2eS. Mark TIC and Mark IITA 
Power S | 


1034. (2) Couple PeE. set to V.G.P. and start P.E. set. 
b Check that VeCere is switched OMe 


Crystal Checks 


1035. (a) Measure back and forward resistance of crystal at the transmitter 
unit jackpoint. Forward resistance should not exceed 200 ohms, 
and back resistance should not be less than 1000 ohms, or less 
than half the value measured on preceding D.I- although still 
over 1000 ohms. ‘Ths back resistance should be logged and kept 
on a card at the wmite A sharp fall in the back resistance 
indicates a dying crystal. 

(>) If crystal does not appear satisfactory replece with a known 
good crystal. A few spare good crystals should be carried on 
DeI.'se These should be kept wrapped in cotton waste to protect 
them from shock and in a metal box to protect them from RP. 


Power Sw Checks 


1036. te Press "InTe ON" and check that green lamp lights. 

b) Check panel lamps on switch mit and indicator. After at 
least three minutes warm-up period, press "H.T. ON". Check 
that the amber and red lights come one (With the new 
resistors fitted in the switch unit it will be possible to 
switch on even if the green end amber bulbs are faulty). 

(c) Connect the Avo liodel H to the test point on the junction box. 
Check that the reading lies within 78+ 2V. 

(a) Check the power pack voltages at all the test points. The 
voltage jackpoints should read 1 ma. * .05 ma. The 300V. feed 
point should read about .85 ma (PU 280 ~ for PU 22h see 
para. 930). | 

(e) If the readings are all proportionately high or low, the 

- ¥.C.Pe voltage should be modified as required by means of the 
trimer adjustment. " | 

(f) If the voltage readings are at variance, the voltage divider 
or rectifier at the abnormal jack~point require checking. 

(g) Check the V.C.P. regulation by switching the modulator on 
and off and noting the variation at one of the vojtage monitor 
points on the power unit. Also vary the speed of the P.E. set 
and note the effect on the 80V. reading and the jackpoint 


readings. 
Crystal Current and Tuning (Marke IIc) 


1037. ~« (a) Check the crystal current at the jackpoint on the transmitter 
unit for a value of about 0.4 ma. 

(b) If considerably out the reflector voltage and coupling loop 
require readjustment at the tuning mit 207. To carry cut 
this adjustment two mechanics must work together using head= 
sets and the A/C ife system. The coupling loop should be 50 
set that the crystal current can be varied smoothly (on the 
stable side) between about 0.2 and 0.6 ma. with the reflector 
volts control, 

(c) Turn the scanner by hand to point toward the best permanent 
echo avilable. The location of such echoes and the strength 
of signal to be expected at various dispersal points can only 
be found by experience. 
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(a). Adjust tuning control for maximm signal. This should be 
obtainable for two positions of the tuning control. Set the 
control to the one giving the best S/N ratio if there is any 
choice, Before deciding which is the better, it is necessary 
to check that the crystal current is 0.4 ma. when the S/N ratio 
is being assessed in both casese 

(e) Estimate the sensitivity of the set from a comparison of the 
response with that normally obtained at the dispersal point 
with a good set. If the sensitivity appears sub-standard 
replace the crystal with a known good crystal. Check the 
crystal current and log the back resistance of the new crystal. 

(f) If this fails to give any improvement in sensitivity check the 
CV.43 tuning plunger and the output line matching slug. Check 
that both are locked after any readjustment. If insensitivity 
persists the transmitter wit should be bench=tested. 


Crystal Current and Tuning (Mark IITA using TR. 3555 Series) 


1038. + Rotate the scanner to face best permanent echo available. 
b) Tune kiystron for maximm signal amplituie. The sensitivity 
of the set can only be estimated from a lmowledge of the signal 
strength normally obtained on the particular dispersal point 
for the direction in which the aircraft is facing. 

(c) after signals are correctly tuned in, check the crystal current 
by means of a meter jacked in at the crystal jack point on the 
transmitter unit. The reading should be 1.5 * .2 ma. 

(4) Tap the transmitter mit and watch meter indication to see that 
the CV. 129 is steble. 

(e) Manual adjustment of tuming cannot be made at the repeater 
motor with the ,eway still connected. 


Suppression 


103596 (a) If no Fishpond fitted adjust suppression to just out out the 
transmitter pulse breakthrough on the height tube, 

(bv) If Mshpond fitted, take the suppression off completely (fully 
anticlockwise) then turn clockwise one notch beyond the point 
where the suppression actually starts to catch the transmitter 
breakthrough. ° The object of this adjustment is to apply only 
one notch of effective suppression, i.¢., to suppress only the 
breakthrough due to the primary transmitter pulse. Further 
suppression means that the Fishpond minimum range ig: automatically 
held at about 400 yards or more depending on how many notches 
of actual suppression are applied. Each notch represents an 
increase in the minimum range of around 200 yards. 


Height and Range Marker 


1040. These should not require adjustment if set up on the bench with a 

test set 202. If either the switch mit or receiver-timing unit have to be 
changed, both should be replaced by a matched pair lined up on the bench with 
a test set 202. . 


Use of Monitor 28 for checking Height and Range Zeros 


10,1. (a) The monitor 28 may be used in the aircraft for checking the height 
and range zeros. If these have been correctiy set up on the bench, 
they should not require adjustment, but a periodic check at 
intervals of a week cen be made with a monitor 28 that has been 
calibrated as described in para.950. The calibration of the 
monitor must be checked on the bench imuediately before use in 


the aircraft. 


(b) Check with the Avo Model H that the aircraft A.C. supply is 


78 volts + 1 volt. Apply the blue/white pulse to the monitor. 
Set the X-shift at "10" and adjust the T.B. start so that the 


leading edge of the pulse is in line with the cursor lines. 
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(c) Set the range switch to 10/10 position and height and range 


(a) 


drums to 20,000 feet and 4 miles respectively. Apply the 
height and range markers to the monitor using a .001 condenser 
for coupling the height marker. 

Set the X-shift to "20,000 ft." and the height marker should be 
in line with the cursor. If necessary, adjust the height zero 
to bring it in line. Then tur the X-shift to "4 miles 10/10" 
and if necessary adjust the range zero to make the range marker 
coincide with the cursore 


Contract, Brilliance, Focus and Gain 


1042. 


1045. 


. 


33 


(c) 


(4) 
(e) 
(f) 
(g) 
Height Tube Display 


PPI. Displ 


10ddp. 


Turn contrast, brilliance and gain fully anticlockwise. 
Advance brilliance till scan and flyback just appear then 
back 4 notches. Check that index line on knob coincides with 
Advance contrast till radial scen just appears then back one 
notch from the fadeout pointe Check that index line on knob 
coincides with index dot on panel. 

Adjust range control to bring range marker dot in centre of 
display. Adjust focus for the sharpest range marker dot. 
Reduce brilliance wtil luminosity of range marker just strats 
to fall. 

Switch scamner on and check for a clearly defined heading 
marker and range marker ring. 

Set gain control to a normal valuée 


Adjust focus, brilliance and shift if necessary. 


Fi not fitted or W.F.G. fitted 


(a) Set distortion corrector and height control to 25,000' and 


(f) 


range control to 3.5 nautical or 10 statute miles. Adjust 

LO mile zero witil outer edge of bright-up just reaches the 
renge marker near the edge of the tube. 

Check that the WeFeG. and switch wit bright-up controls are 
fully anticlockwise to start the bright-up as early as possible. 
Set height control and distortion corrector to 20,000' 

Using the range marker, check for the following range coverages: 


10/10 ~ 8 nautical or 10 statute miles. 

10/20, 30/20 

100/20 - approximately 17 nautical or 20 statute miles 
100/40 ~ approximately 34 nautical or 40 statute miles 


Set the range control to, say, 6 miles on the 10/10 scan. Start 
the height control and distortion corrector at 25,000 ft. and 
bring them down in 5,000' stages. Note that the range marker 
remains in a sensibly fixed position on the display to check 

the functioning of the distortion corrector. Note that no 

hole appears at the centre of the display for settings above 
2,000'. 

Check that the P.P.I. trace rotates about the tube centre. 
Adjust X and Y shifts if necessary. 


Course and Track Marker 





104.5¢ 


. 


& 
b 


! 


Set H.C.U. and indicator 1&8, switches to "Course". 

Check that the heading marker can be taken smoothly through 
360° in either direction with the HeC.U. setting control. 
Set heading marker to the bearing shown on the navigator's 
repeater card. 


1046. 


Controls 


1047. 


Bright- 
1048. 


Markers 


1049. 


(c) 


(a) 


(a) 
(b) 
(c) 


rArtomado pf 
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Switch on the D.R. compass. The heading marker and repeater 
card will oscillate slightly till the master compass settles 
down. ifove the V.S.C. through a few degrees in either 
directions The heading marker and repeater card should reiaain 
in step and always indicate the same bearinge This check 
should be made to ensure that the heading marker does not 
rotate in the wrong direction on operations. 

Return the V.S.C. to its original setting and switch off the 


DR compass. 


tf the rolle-stabilised scanner is fitted set the H.C.U. and 
indicator 18, stwitches to "Track". 

Check that the track marker can be moved smoothly through 
60° on either side of the heading marker. 

Set indicator switch back to "Course" and H.C.U. switch to 


"Auto". 


Fishpond 


Scanemarker switch to 100/40 position. 

Scanner rotating to give circular markers. 

Heading marker switched on. 

Fishpond gain to maxim (W.F.G. 43 not fitted). 
Brilliance to point where radial scan just appears. 

Focus for sharpest scan. 

Brilliance to where scan just fades out. 

If WeP.G.43 Pitted, set brilliance to minimum and gain for 
radial scan then back to where scan just fades out. 


W. F. G not fitted 


(a) 


(b) 


Switch through the first five scan-marker switch positions 
and check that the inner edge of the heading marker commences 
about +" from the tube centre on all positions. 

If this condition not fulfilled, alternately adjust switch 
unit bright-up control on the 100/40 position and W.F.G. 
bright-up control on the 10/10 position util the bright-up 
does commence about +" from the tube centre in alli five 


positions. 


tf W.F.G. 43 fitted no bright-up adjustuents are necessary. 


(a) 


(b) 


Press marker button and check for following points:- 
Markers circular and centred about tube centre. 
(ii) Presence of 0, 1, 2, 3, 4 and perhaps 5 mile 
markerse 
a Zero marker about 3" out from centre. 

iv) No spurious markers before or after the zero 
markere This can be checked by noting whether 
any jarker rings appear when the marker button is 
released. 

Scan-marker switch to the 30/20 position. 
(4) Markers circular and centred about tube centre. 
(ii) Correct number of markers and no spurious markers. 
(311) The zero marker is about 3" from tube centre and 
just overlaps the inner edge of the heading marker. 
Adjust 30 mile zero to move the marker if ite 
distance from the centre is incorrect. 


(c) 


(4) 


'‘tiscellaneous 


1050. (a) 
(b) 


(c). 


(4) 


Requirements 
LO 51. °} 


(c) 
(a) 


(e) 
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Scan-marker switch to the 10/10 position. Press marker 
button and make same checks as in (b). If zero marker not 
the correct distance from the tube centre (app. $"), adjust 
the 10 mile zero. 

Cheek that heading marker reads the same bearing on Fishpond 
as on the indicator 130). 


Check all W and Pye plugs to see they are securely fastened 

and that no Pye clips are mLssinge 

Check that cupola is free fran oil, water, rubbish, "window" 
etc. 

Tf no roll-stabilised scanner fitted, disconnect PE. set 

and connect up the A.C. and D.C. cables to the V.0.P. correctly. 


Check that VeCePe and modulator 6h, switches are both on. 


Stabilised Scanner 


Vacuum pump asseubly to drive the gyro control wit. 

D.C. supply of 24V. at about 12 amps. to drive vacuum pump 
motor. Owing to heavy starting current this supply will 
require a 40 anp. fuse. 

Suitable length of flexible piping will be required to connect 
the vacuuw2 line to an intake point on the aircraft skin. 

A suction meter should be tapped in, preferably at the end of 
the flexible pipe, to check that the vacuun of 3-5" is obtained 
Since the gyro control a requires a vacuum in this range to 
operate correctly. 

The scanner D.I. should be carried out after the normal H. 2S. 
DI. to give the gyro and amplifier unit time to settle down. 


Amplifier Balance Check 


1052. (a) 
(b) 
(c) 
(a) 


After doing normal He2eSe Dele, remove the 2=pin red from 
JeB.e246 to disconnect the armature supply from the M.Ge 74. 
Insert jack connected to voltmeter (on range not lower than 
250V.) at amplifier jack point. 

Press earthing switch on amplifier panel and note reading 
which may be either + or -. 

Adjust balance preset for zero volts to ensure the Me Ge 7 
is stationary when platform is level. A fine adjustment 
can be obtained by decreasing the voltmeter range. Remove 
the jacks 


Gyro Control Unit Alignment Check 


1053-6 


0 op 


(e) 


Set the platform level by observing the spirit level. 


Switch on the scanner at the switch unit. 

Replace the 2=pin red to make the M.G.74 capable of operation. 
Note whether the platform moves. Movement may be caused by 
Gyro control mit incorrectly aligned. Movements in excess 

of = 1° normally must be attributed to this cause. 

Gyro realignzent can be done by loosening the 4 bolts securing 
the gyro which permits small variations in either direction on 
the elongated fixing holes. 


Stabilisation and Sensitivity Checks 





10 5k-0 (a) Remove 2=pin red again and push platform over to the 30° 


end-stop limit in one direction. Replace the 2-pin red 
and check that the platform immediately returns to the 
level position. 


(b) 
(c) 


(a) 


Clutch Check 


1055. (a) 
(b) 
Miscellancous 
1056. (a) 
(b) 
(c) 
(a) 
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Repeat the procedure with the platform pushed to the 
opposite end=stop. : 

Remove the 2=pin red to JeB.246 and offset the platform 1° 
as nearly as can be estimated. Replace the 2=-pin red and 
check that the platform levels immediately. 

Repeat same check in the opposite directione 


With everything working, force the platform in one direction 
against the torque of the motor. Check that the clutch slips 
immediately. 

Repeat same test in the opposite direction. 


Remove the external vacuum supply and tum the valve to the 
internal position. 

Check that all cables are secure and do not foul at any 
point during platform movement. 

Disconnect P.E. set and comect up the A.C. and D.C. cables 
to the V.C.P. correctly. 

Check that V.C.P. and modulator 64 switches are left on. 


Use of the Scanner Jig (10AB/8136) for A.R.t. 5564 - 5535 (Mark III H.2.3.) 


10576 (a) 


(b) 
(c) 
(a) 


10586 (a) 


(b) 
(c) 


1059. (a) 
() 


1060. When 
(a) 


The .jig consists of a blued steel body which can be clamped 
to the flared end of the waveguide feed to the scanner, and 
three distance arms by which the location of the flare can 
be checked, These arms are identified respectively by 
marks 1D, 2D, or 3D stamped on them close to the point about 
wiich they pivot. | 

Arm 1D serves to check that the waveguide is central with 
respect to the outer edges of the mirror. 

Arm 2D serves to check the distance from the waveguide to 
the back of the mirror, and 
Arm 3D checks the distance of the waveguide from the top 
edge of the barrel section. | 


Certain tolerances can be allowed in the position of the 
flare with respect to the back of the mirror and with 
respect to the top edge of the barrel section. 

The tolerance range is provided on amn 2D by an extension 
which is variable through 1.5 millimetres. 

Tolerance on arm 3D is allowed by the width of the slot 
provided to receive the top edge of the barrel section. 


To check a scanner, screw back the clamping plate in flare 
recess and fit the jig body over the waveguide mouth. 
Arm 3D should be vertical and arm iD should be below the 


level of the feeder mouth. | . 
With an inverted scarmer on the bench the jig should slide 
on from the lefte In an aircreft installation it should 


slide on from the right. | 
in position the clamp should be tightened to hold the jig firmly. | 


Bring aro 2D against its stop (ama horizontal) and check 
whether the tip touches the back of the mirror within its 
range. 
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(b) Adjust ara 3D until it touches the barrel section and 
check that the edge of the mirror fits in the slot provided. 
(c) Swing ara 1D to one side of the mirror and adjust the screw 
extension until the umder side of the head touches the 
edge of the mirrors 


1061. Twn the arm to the other side of the mirror and check that the same 
condition holds. 


Scanner Maintenance 


Inspection of Scanners Type 63 end 71 


1062. (a) Mowmt scamer, motor domwards, on a scanner stand and 

remove the mirror. 
(b) Check that the gear trains are clean and free from any 
foreign matter other than a coating of anti-freeze grease. 

+8 Connect up the cables to the scanner and switch one | 
By operating the HoC.U. setting control, check that the course 

step-dom gear train and the track wom drive operate smoothly 

throughout their full range of movement. 

{e} Using the repeater motor test installation check the 
operation of the repeater motors as outlined in paras. 963 and 96h. 

(f) Rotate the scanner main drive by hand to see if it turns 
smoothly. ; 

(z) Mowmt the mirror over the locating studs on the main drive 
and start the scanner. Check that on 26-28V. D.C. supply the 
scanner speed can be varied smoothly between 20-60 repem 
using the speed control on the control unit 4/7. | 

(mn) Examine the course and track marker contact assembly for 
cleanliness and correct contact tension. 


Maintenance of Scanners Type 63 and 72 


General Points 


1063. {a) The scanner casting has been designed to reduce the amount 
of maintenance required. 
(>) The faults most likely to develop after several hours' 
operation are:=- 
(i) Faulty course or track marker contact. 
(ii) Sticking repeater motor drives. 
(444) Dirty contacts on the magslip slip~rings, 
(iv) Excessive sparking on the motor commutator causing 


noise. 
Bearings 
1064. (a) The bali-races in the driving motor and magslip assembly are 


grease~packed by the manufacturer and should not normal 
require any greasing or oiling. | 

+? The main bearing ballerace is also grease~packed. 

The ball-races in the two repeater motors will be dealt with 

in para, 1066-1067. 

(da) All other bearings used in the step-down gear trains, 
including the bearing for the rotating member of the capacity 
joint, are of a special type imown as oilite bearings. These 
are made of a porous phosphor bronze and impregnated with 
anti-freeze oil. 
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Whenever these bearings are removed they should be cleaned 
and left to steep in anti-freeze oil before replacing. 


(e) If balleraces require attention, they should be washed out with 


paraffin, thoroughly dried and repacked with anti-freeze grease. 


(f) The teeth on the metal gear wheels should be lightly greased 


with anti-freeze grease. 





Cleaning and Adjusting Course and Track Marker Contacts 


1065. 


(a) Remove the four 2bA nuts clamping the sub-casting which supports 
the magslip and course repeater motor to the main casting. 
Separate the sub=casting from the main casting. 

(b) Thoroughly clean the annular contact ring and the fibre disc 
moumted on top of the magslip stator drive with carbon tet. 
Clean the three contacts moumted on the main casting and check 
for correct tension. If necessary, adjust the tension by 
bending the contacts. 


4 
Checking the Course Repeater Motor Drive 


1066. 


Chec 


1067. 


(a) Slacken the jubilee clip around the repeater motor and remove 
the top cover. 

(ob) Disconnect the three fiela connections, noting the colour 
coding. 

(c) Remove the three 6BA bolts securing the repeater motor casting. 
The repeater motor can now be withdrawn from the sub=-casting 
and gear train. 

(a) Check the freedom of the armature. It should turn very easily. 
Lightly oil both bearings with anti-corroding oil (344/43). 
Access to these bearings can be had through the end plates 
without removing the armature. 

(e) Yhoroughly cleanse all gear wheels in the step-down gear train 
to the magslip stators by brushing with petrol, end smear all 
the teeth with anti-freeze grease. 

(f) Ascertain that the magslip stators move freely through 360° 
without any sign of pinding spots. 


kine the Track Repeater Drive 


ngage angen cement eel Sata ameter ae 


vo) Check and lubricate as outlined for the course repeater motor. 
c) Thoroughly clean the worm drive and step-dow gear and smear 
lightly with anti-freeze grease. 


S Remove the repeater motor. 


Checking Magslip Brushes and Slip Rings 


1068. 


te} Remove the cover of the slip ring assembly. 
b) Note and record the arrangement of the six leads running from 
the slip rings to the terminals on the bakelite housing, then 
remove the leads. 

(c) Remove the leads and bolts from the terminal points on the 
brush mountings and the brush contact armse The brushes 
can now be withdrawn. Examine them for wear and replace if 
length less than 3". 

(ad) Remove the six 6BA bolts around the base of the slip ring 
assembly. Withdraw the slip ring assembly. Examine and 
thoroughly cleanse all slip rings. 

Note their connections, then : 

(e) Remove the 4 leads coming up through the bakelite end 
plate from the terminals on the bakelite housing. 

(f) Remove the contact arms and the three rotor brushes. 

Examine the brushes for wear. Replace them if length is 

less than >". 
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(g) Remove the four 6BA bolts securing the bakelite end plate 
to the magslip stators. Withdraw the housing. Thoroughly 
cleanse the three slip rings on the rotor end. 


Scanner Motor Check 


1069. (a) The motor can be removed from the main casting by removing 


the three 2BA nuts. 
(b) Access may be had to the commutator and brushes by removing 


the two 4BA bolts securing the 2B socket to the top of the 
motor. The ed cap can then be pulled off. Check the brushes 


for perfect seatinge Replace if length is less then x", 
(c) Cleanse the commitator. 


Reassenbly Cautions 


1070- Care must be exercised with regard to the following points when 
reassembling: = : 

a) Magslip comections. 

b) Repeater Motor connections. 

c) Aligning the course marker contact. 

ad) Aligning the rotating joint. 

e) Replacing the mirror correctly. 


Course Marker Alignment 


1071. (a) Line up the white marks on the scanner casting and the 


rotating plate. 
(b) Connect an Avo across the course contacts for a continuity 


check. 

{c) Slacken off the three 4BA bolts clamping the fibre disc 
(which holds the contact ring) to the magslip rotor. 

(a) Turn the dise relative to the gear wheel in a clockwise 
direction (looking into scanner base) till the meter just 
indicates a short. Tighten the three 4BA bolts to clamp 


the disc to the magslip rotor. 


Mirror Replacement 
1072. When replacing the mirror check that all white marks are aligned. 


Capacity Joint Alt t (Scanner 63). 


LOT. (a) Adjust the position of the rotating member of the joint so as 
- to measure 1%" from the end of the segmented tube to the end 


of the rotating member. 
pe Clamp in this position by means of the tapered locking ring. 
{c)} Replace the casting carrying the stationary member of the 
joint but omit the gasket. 
(a) Slacken off the clamping band which secures the stationary 


member to its supporting casting. | 
(e) Push down the stationary member until metallic contact is 


heard, Tighten the clamping band. 
(f) Remove the casting and the clamped joint section ani reassemble 


with the gasket in place. 


Rotat Joint {Scanner L 


10746 (a) The spacing between the two sections is set to 1 m, 


automatically on assembling. 
(b) Care must be taken not to deform the waveguide system in the 


scanner during any maintenance work. 
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Repeater Yotor Rotation 


1075. The direction of rotation may readily be reversed by changing over any 

two field connections coming out from the field windings to the terminal block 
on the end of the motor. This should only be done if the wiring is correct in 
the HCU and scanner. If these wits are incorrectly wired they should be 


corrected. 


RF. Faults in He2eS- Mark TIC 


Faults: Causing Low Sensitivity 


Insensitive Crystal 


1076. +22 If a set is insensitive replace the crystal by a known good crystal. 

b) Crystal previously in use can be checked for forward resistance of 
less than 200 ohms and back resistance of more than 1000 ohms but 
these are not conclusive tests. | 

(c) Crystals are perhaps best sorted on a bench set by inserting them 
in a lined-up set and comparing crystal current passed and 
sensitivity with that of a known good crystal without making any 
adjustments to the controls. Good crystals are normally those that 
pass a good crystal current and give a good S/N ratio. 

(a) If crystals are sorted in this way, they should be wrapped in 
paper or dry waste to avoid demage from vibration and stored in a 
metal container to prevent damage from R.F. pick up. 


Faulty-Bye Cables 


1077. (a) The green Pye cable end, to a lesser extent the slate, may account 
for low sensitivity. : 

{b) A rough check can be made by turning the gain to maximum and noting 
the noise level on the height tube. If both cables are in order 
and make proper contact, the observed noise level should be of 
approximately the same amplitude as the range marker. 

(c) Disconnect the Pye green cable. If the noise level does not drop 
the head amplifier is faulty). If the noise disappears entirely 
the gain of the IF strip is low. 





Soft Rhumbatrons 


1078 (a) The CV.43 is a common cause of low sensitivity. This may arise 
from development of noise or from delayed de-ionisation. 
(b) If the noise level goes down considerably when the transmitter is 
switched off the CV.43 is suspecte 
(c) If the CV.43 tuned very flatly, especially on short range signals, 
delayed de-ionisation due to overcoupling of the magnetron input 
4s the probable trouble. See paras. 322-323. 
(a) If crystala are continually burning out, the CV.45 is most 
| probably not ionising at all due to broken copper glass seals or 
cracks. If no glow appears across the lips when the plimger is 
removed: and the transmitter is operating, the CV.43 is u/s. 
(e) If the life of crystals is shorter than usual it is probable 
that the probe voltage is incorrect or absent. 
(f) ‘The normal ionising currents for the commonly used types are 
shown in figs 73(d). 
(g) When changing CV.43's care should be taken to reassemble the 
heater jacket so as to complete the 24V. supply through the 
heater winding. 


Low RF. Output due to Faulty Components 


1079. (a) May be due*to (i) Weak magnet 
(44) Faulty CV.64. 
(iii} Faulty modulating pulse. 
(iv) Faulty HP. feeder or waveguide. 
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(b) Cover on/cover off test (see para.943b) will give a rough 


check on the magnet. 
(c) Modulating pulse can be checked at the monitor points on the 


modulator (see para. 960). 
(a) Magnetron, feeder and guide can only be checked by substitution. 


Low Sensitivity Due to Misalignment 
1080. Displacement due to aircraft vibration or faulty securing of any of 
the following:= 


Matching slug. 

C.V. 43 plunger. 
Capacity joint. 

Mixer probe. 

Klystron coupling loop. 
HeFe feeder. 


mono wo ~P 


HP. Feeder Faults 


1081. (a) Areing may occur between the magnetron output probe and the inner 
of the output line if the contact is slack or dirty. 

(») Arcing may occur if the braiding used to form the flexible 
coupling to the magnetron probe becomes frayed and loose ends 
start breaking away. | 

(c) Arcing will occur if the matching slug has any play and is not 
in perfect electrical contact with the outer. 

(a) Arcing at any of these points may be observed by looking through 
the slug tracking slot. 

(e) Arcing may occur in the HF. plugs if there is an air gap due to 
the polystyrene dielectric being below the level of the 
terminating outer. This trouble is cured by fitting of the 
"sticky" washerse The face contact area of the outer and of 
the plug end socket on the inner should be clean and secure. Any 
arcing occurring at these points can be checked by looking for 
signs of carbon deposit on the surface. 

(f) All external feeders used in the aircraft and bench installations 
should be of the correct lengths. 

(g) The rubber washers must be removed as they prevent proper seating 
and perfect electrical contact. This also applies to the 


uniradio 2] feeder. 


Waveguide and Scanner Faults 


1082. (a) Any deformation or displacement will cause polar diagram 
distortion and probably mismatch problems. 
(b) O41 or dirt on the waveguide inner surface, mirror or cupola 
will cause attenuation and reflection. 


Noisy Valyes and Pick Up 


1083. (a) Heavy noise can be introduced in the head amplifier stage due to 
a low emission VR.136 or faulty earthing connections or valve 
base contacts.e A check can be made by by~passing the head 
amplifier by feeding straight from the mixer Pye plug into the 
receiver. 

He I.f valves can cause trouble in the same way. 

A "noisy" blower motor may cause trouble. This can be checked 
by removing its supply plug. 

(3) Scanner motor noise can appear if the suppression unit is faulty. 

A crystal may be noisy if it is not securely held and making ~ 
firm contact with the mixer inner. 

(f) An unstable klystron can produce considerable noise because of 
the arcing between the reflector and rhumbatron as it goes in 
and out of oscillation, The fimdamental cause of this trouble 
will probably be the setting of the reflector volts or the 


supply voltages. 
(eg) Arcing at the 4K reaistor is another source of noise. 
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Suggested Low Sensitivity Investigation Procedure in | Aircraft 


1084. (a) Cheek on noise level with gain control (parael077b) to check 
whether fault is in I-eF. Pye cable or in Rel’s side. 

(b) Check that transmitter output is up to standard by putting 
finger, screw-driver or neon on waveguide. The standard will 
have to be determined from experience. 

(c) Replace crystal with a crystal known to be good. 

+8 Check that matching slug and CV.43 plunger are secure. 

e) Inspect HP. feeder, scanner and cupola for points in paras. 
1081 and 1082. 

(f) Remove transmitter unit for bench test. Check alignment of 
matching slug and CV.43 tuning. Test output on TeS-85 after 
realignment. | 

+83 If low output persists make cover on/cover off magnet check. 

h) If output satisfactory, check CV.43 for correct ionising current 
and absence of overcoupling and flat tuning. 

+3 Make head amplifier bypass check and CV.43 noise check. 

j) If no fault apparent, suspect scanner, H.F. feeder and modulator 
jin aircraft. Return to aircraft with original transmitter unit 
and serviceable modulator, HP. feeder and scanner 


Insulation Breakdown Troubles 
Generat 


1085. Aside from low sensitivity problems the main faults come under the 
heading of insulation breakdowns, mostly in the modulator and transmitter unit. 
The chief indications of this class of faults are a standing pulse on the 
height tube (in earlier stages) and overload relay tripping or complete 
switching off in later stages. 


Warning Indications 


1086. Several of the major insulation breakdown problems result in mismatch 
conditions between the artificial line output and the transmitter unit before 
the final breakdown comes. These miamatch conditions usually cause a series 
of reflected pulses along the pulse cable after the initial main pulse. 
Rvidence of these can usually be obtained by scoping at the monitor points 

on the modulator 64 which will show some form of abnormality. A further 
indication is obtainable from the number of notches of suppression required 
to prevent any breakthrough on the height tube. If more than 3 or 4 notches 
of suppression is called for, insulation and mismatch trouble should be 
suspected. An alternative cause may be a dying spark gap which is de-ionising 
very slowly. 


suspect Components 


1087. Aside from a dying spark gap which is not a common fault, the following 
items are the chief suspects when either the suppression setting or waveform at 
the modulator monitor points indicates trouble:- 


(a) Pilament transformer. 

(b) Pulse trensformer. 

(c) Lead from spark gap to pulse output socket on modulator 6h. 
ad) Pulse cable from modulator 64 to transmitter unit. 

°3 Lead from transmitter unit input socket to: pulse transformers 
Maonetrone 

(2) Overswing diode and 4K resistor. 

(h) Artificial line. 


Dummy Load Tests 


1088, (a) The dummy loads and the elimination tests are discussed in 
general terms in Chap.5, para. 510. 
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(b) Disconnect pulse cable at transmitter uit and connect 80 olm 
dumyy load to end of cable. If the equipment switches on and 
the overload relay ceases to trip, items (a), (b), (c) and (a) 
are eliminated. If the overload relay ‘continues to trip the 
most probable fault is a faulty lead from the CV.85 to the out- 
put terminal. 7 3 

(c) The pulse cable can be checked by running the modulator into 
the & ohm load at the pulse output plug. . 

(ad) If the fault is beyond the pulse cable, iee., in the transmitter 
unit, the 1500 ohm dummy load is.connected into circuit in place 
of the magnetron. Disconnect both heater leads from the magnetron 
and make sure they are well clear of any earth point. Connect 
one off the dummy load crocodile clips to the loose heater lead 
previously connected to the uppermost magnetron deg and connect 
the other crocodile clip to earth. If the equipment mms normally 
now the magnetron was at fault. 

(e) If trouble persists, remove the link between the pulse trans~ 
former and filament transforuwer. The filament transformer is 
now out of the circuit. If the equipment operates now the 
filament transformer was at fault. 

(f) If trouble continue s, look for the series of exponentially — 
decaying "rings" on the height tube after the suppression break. 
Presence of these indicates that the overswing diode circuit is 
faulty. 

(g) If no fault is apparent in the overswing diode circuit, change 
pulse transformer and check pulse lead from pulse input to pulse 
transformer. 


Other RF. Faults 


LK Morganite Resistor 


1089. (a) Once the resistor has been fixed to the metal end comnections 
it should not be broken from them as this will cause the 
metallised coating to break away and peel off, thus causing 
arcing at the point of contact. 
(b) Occasionally the clamp is not circular and only contacts the 
metallising over a limited area. The heat developed destroys 
the metal and develops a high resistance contact and the trans- 


former ringing is no longer damped. 


Low Klystron Output or Unstable Klystron 


1090. (a) Incorrect voltages. Values should be:- 

(i) Cathode -1200V. 

(ii) Reflector -1300V to ~1600V. 

Kiystron operation may become critical if the cathode voltage 
falls to the vicinity of ~1lOOOV. 
BY Broken copper glass seal or reflector pinch. 
c) Damaged cathode due to over~erumning with light loading and 
maximum feedback. , 


No Crystal Current 
1091. 5 Klystron not oscillating. 


., 
~- 


Broken klystron loop, 

Faulty uniradio 21 feeder and contact ends. 
Faulty Pye cable from head amplifier to mixer. 
Burnt out crystal. 

Faulty contacts on jack. 

Faulty capacity probe. 


MQ e*Ocono00 
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Faulty CVe 35 


1092. ta Arcing at contact pins. 
(b) Not de-ionising quickly. 


Other Insulation Breakdown Faults - 


1093. (a) Repeated trouble has arisen over breakdowns of the 2 KV. 
condensers in the power wit and the transformer T. 502. 
(b) Occasional high voltage condenser breakdowns occur in the 
indicator 162 and in Fishpond. | 
{c) Such breakdowns bring the overload transfomner in the power 
wit into operation and cause the equipment to switch off. 


Miscellaneous Servicing Points on H.2eS. Mark TI1A 
Modulators Type 64 


1094. Only modulators 6) with serial numbers above 300 are suitable for use 
with the Mark IIIA transmitter units (TR.3555 series and TR. 3523)-« 


Jackpoint Polarity 


1095. (a) arly mits had both the E.H.T. current and crystal jacks 
wired so that the tip of the jack was negative and the sleeve 
positive. 
(b) Later B.T.H. boxes wired the E.HeT. jack to make the tip of the 
jack positive and the sleeve negative in accordance with the 
usual procedure. The crystal jack remains as before. 


Jackpoint Danger 


1096. The LeleT. jack point is normally around 1000V. to ground. Pre- 
cautions should therefore be taken when using the jackpoint. 


Switching on at High altitudes 


1097. When the equipment is switched on the indirectly heated VT.127 does not 
operate for several seconds after the VUL1L E-HeT. rectifier. During this 
period the E.H.T. current jack and various other points will be at over 2KV to 
ground. For this reason the equipment should not be switched on at high 
altitudes as the clearances which can be allowed are insufficient. Since the 
VUelll power pack is operated by.the "LT. ON" button, there is no objection 
to switching the modulator off and on if "OT, ONT was switched on before 
gaining height. 


VU.111 Hi Voltave Lead Breakdom 


1098 The VU.111 in the 1.0.P.P. is held in position by 2 metal springs 
joined by a cord passing over the top of the valve. Voltage breakdowns have 
occurred when the VU.11ll high voltage lead was caught between one of these 
springs and the valve envelope. A check should be made to ensure that this 


lead is adequately spaced from earthed points. 


Lodge Plugs 


1099. Insulation breakdowns have occurred in both the external plug inserts 
on the aircraft cables and in the internal plug inserts inside the TR 3555 
wits. The rubber insulation of the cable was found blackened and "powered" 
on the underside of the short straight portion 4mmediately before the cable 
enters the porcelain section of the plug insert. It was found that the 
yellow cambric covering separating the rubber from the braiding had been cut 
back, leaving the rubber open to the air inside the metal right angle tube. 
In repaired plugs, the cambric was left on and allowed to penetrate the 
proceiain section for §" to afford added protection to the rubber. 
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LO. Gear Box Replacement . 


1106. If for any reason the gear box on the transmitter uit is disengaged 
from the L.0., care should be taken in replacing it to ensure that the lint 
of turning in either direction is imposed by the gear box and not the L.0-. 

A Geneva gear limits the gear box to five revolutions of the external pinion. 


Tris Adjustment 


1101. In the course of lining up the TRe 3555 units on the bench the iris 
tube may jam in the waveguide. To clear, it is necessary to dismantle the 
iris adjusting mechanism and work the iris up and down the guide by means of 
@ piece of wood. The inside surface of the guide should then be wiped clearnie 
Until a non-attenuati lubricant is available it is not safe to a 


lubricant. 


Klystrons for which no timing point can be found 


1102, It may happen that in the last stage of the setting up procedure it is 
jmpoasible to find a tuning point ‘on the LeQe which will close the magic eye. 
This may mean that the frequency coverage of theklystron LO. does not come 
within 45 Mc/s. of the frequency of the magnetron in the unit. An estimate 
of the klystron frequency can be made as follows with the test set 205:- 


(a) Connect transmitter mit to the test set 205 and set the 
waveguide controls as in the last test for tuning the 1.0. 

(b) Set LC. tuning control at tuning limit nearest the magnetron 
frequency s 

tS Mme the test set klystron until the magic eye closes. 

a) Set the waveguide switch and selector switch to position 1 
and tue the wavemeter to the test set klystron frequency by 
tuming for maxim meter indication. The wavemeter dial will 
then indicate approximately the limi ting wavelength of the 


klystrone | 
(e) It is pointed out that the observed wavemeter reading will 


differ by 45 Mc/s from the 40 wavelength as it gives the 
wavelength of the test set system. 


One test indicated a klystron whose lower unit was 3623 case when the 
wavelength of the associated CV. 208 was 3.18 cams. The corresponding 
frequencies are 9298 Mc/s. for the klystron and 9434 Mc/s. for the magnetrone 


The Test Set 205 CV.114 Test 


1103. The drop in meter reading when the dummy T.R-e cell is replaced by the 
TR. cell correctly tuned can do little more than indicate when ‘the CV.11), is 
completely unserviceable as indicated by an abnormally high fall. The CV.11), 
shoulda not be rejected on the strength of this test unless a power loss of 

8 db. is indicated or CV.111's are being burnt oute ae 


Non-Striking of CV.115 


1104. Failure of the CV.115 to strike may cause the transmitter output to be 
low, but it cannot be assumed that the CV.115 is u/s because it has failed 

to strike and the transmitter output is ‘low. A wrong position of the natching 
plunger may be responsible for both the low output and the failure of the 
CV.115 to strike. Matching adjustment should, therefore, always be tried 


before assuming that the CV115 is u/s. 


I.F. Strip Tests 


1105. ‘The test set 160 may be used as a 45 Mc/s. signal generator for IePe 
strip tests. The dial should be set to 45 Mc/se and the aerial replaced by a 
screened lead attached to the aerial terminal at the back of the box. This 
lead is then used to feed signals into the I.F. strip via the grids and anodes - 
of the valves. The fault can thus be localised to one stage. The output is 
examined on the monitor 23. 
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Non-Magnetic Screwdrivers 


1106. Only non-magnetic screwdrivers should be used in working on Mark ITTA 
transmitter units. The strong magnetic field is likely to cause repeated 
breakage of magnetrons if magnetic screwdrivers are used. The use of 
magnetic screwdrivers will also cause more rapid deterioration of the field 


strength of the magneta. 


Dummy Loads 

1107. The same dummy loads are used for elimination tests in Mark IIIA as in 
Mark IICe Since the pulse and filament transformers are enclosed in one 
unit the elimination process is shorter. 


CV. 208 Handling 


1108 In these valves the positioning of the cathode within the valve is 
critical in determining the efficiency and therefore the output. Cathode 
position is altered by any deformation of the metal sections of the legs 
carrying the heater leads. Care should therefore be taken in handling these 
valves. The instructions printed on the CV.208 refer to the possibility of 
the cathode leg being displaced if the valve is laid down incorrectly. The 
wall thickness of the metal section is of the order of 3/1000". 


Vibrating Joint Adjustment 


1109. Power loss becomes appreciable if the gap between the flanges exceeds 
&". The horizontal run of the waveguide is supported at the front panel and 
on a bracket attached to a vertical frame member. To adjust the gap width 


proceed as follows:- 


+8) Slacken off the mixer chamber clamp. 

b) Slacken off the screws holding the supporting bracket which is 
now adjustable vertically through a short distance. 

-(c) Set the bracket so that the gap in the joint is about 1/16", 

Care must be taken to ensure that the flanges do not touch 

at any point or flash-over will occur. 


(a) Retighten all clamping screws. 


The term "choke joint" is commonly used to describe joints of this type when 
their primary function is to allow for tolerances in the dinensions of 
components. 
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CHAPTER 13 - PRINCIPLES OF TRANSMISSION LINES AND WAVEGUIDES 


1110. Once microwave power has been generated by an oscillator valve the 
following fundamental output problems arise:- | 


(a) Matching the oscillator to some form of trensazission line in 
order to get a reasonable output from the valve on the line. 
(bo) Conveying the power along the line with the minimum of loss 
due to:- 
3) Resistive losses. 
(ii) Radiation losses. 
(c) Matching the line to the radiating array to get the maximm 
of radiation. | 
(a) Giving the radiation the desired directivity in both azimuth 
and elevation. 


1131. Where common T. and R. systems are employed, the following further 
problems arise;- 


(a) Keeping the transmitter power from flowing into the receiver 
channel at the junction between the receiver branch line and 
the comnon output and input line. 

(b) Effectively directing the returns into the receiver channel 
in such a way as to get the maximm signal output for a given 
transmitter output. | 


1112. An allied problema is the design of transmission line channels in such 
a way as to reduce noise and interference pick-up to a minimum in order to 
obtain the best possible signal to noise ratio for a given transmitter power 


output 6 


1113. To approach these problems with the tcinimum of mathematics the radar 
wechanic must accept the results of experiments and engineering experience 
without worrying unduly about 4 rigid analysis of the fundamental scientific 
basis of some of these results. This chapter will therefore state many 
results without attempting to present the full story behind them. 


The Concept of Matching 


111}. Before dealing with transmission lines themselves we must first study 
the concept of matching. Let us consider an A.C. generator with an internal 
resistance of 50 ohms which is capable of developing an e.mf. of 500 volts. 
Suppose it is connected to a resistive load of 200 ohms. Then the current 

. E 0 
Gelivered is given by I = R= oa = 2 amps. The voltage drop across the load 
is then 2 x 200 = 400 volts and the voltage drop across the internal resistance 
of the generator is 50 x 2 = 100 volts. The power supplied to the load is 
given by Ex I = 400 x 2 = 800 watts. This could also have been found by I* xR 
= 4 x 200 = 8&0 watts. The power dissipated in the internal resistence will 
100 x 2 = 200 watts. This again could have been found by I2 xR 


be Ext = 

= & x 50 = 200 watts. 

1115. Suppose that instead of 200 ohms a 50 ohn resistive load were used. 
20 


The current would be 100 ~ 5 amps. The voltage drop acréss both the load and 
the internal resistance would be 5 x 50 = 250V. The power supplied to each 
would be Ex I = 250 x 5 = 1250 watts. Hence, the power supplied to the load 
has increased although the load has been reduced. 


1116. Suppose that now we further reduced the load to 25 ohms. The current 
would ve ae = ae amps. The voltage drop across the load would be 
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25 x 6 i 1665 Vs The power supplied to the load would be 1665 = 6 


= llll watts. The voltage drop across the internal resistance would be 


50 x 6s = 5335 V. The power dissipated would be 5335 x 6s = 2222 watts. 
lil7. It appears then that the power supplied to a resistive load is a 
maximum when the load resistance is equal to the internal resistance of the 
generator. This is the fundamental concept of matching for power output. 
It is immaterial whether the generator is a battery, an alternator, or an 
oscillator. The same rule still applies. 


Resistive Loads 


1118. If we have an alternator supplying a pure sinewave output to a resistive 

load, the voltage and current will always be in phase as shown in fig. 158, 

The instantaneous power curve is obtained by taking the product of the ordinates 

of the current and voltage curves. Since voltage and current are simultaneously 

negative the power curve is entirely positive. The mean power is foud by 

drawing the ordinate which "smoothes" out the power curve by putting as much 

of the area above as below. The numerical value is thus given by peak power 

= 2. Hence when A.C. power is supplied to a resistive load there is a steady 

fiow of power into the resistance. This power varies with time but is always 

given by e x i, where e is the instantaneous voltage drop across the load and 

i the instantaneous current through the load. The mean value of the power 

is given by 
; 

Pnean = 2Preak 


But Poeak = Enax, X Imax, 

Therefore Pusan = FEmax. X Tine. 
“Alternatively, since e = iR \, 

(Imax. )2 x Re 


Inaxe & FrouesS. = Snax. 
2 


vi 


Fnean 


But Ins, 


Therefore Imax. = 2lpins, and Bow = 2B i 3 
Therefore Puean = 2Ep_ M.S. x Zl its. 


Therefore Prean = Frits. x IRs. = RMS. xR 
Inductive Loads 





1119. If we have the same alternator connected to a pure inductive load the 
current flow in the inductive load lags 90° on the voltage drop across the 
inductance. The voltage, current and power curves will then appear as in 
figel59. Since the power surve is symmetrical about the time axis the | 
positive part means power flowing. from the alternator to the load and the 
negative part means power flowing from the load to the alternator. What this 
signifies is that while the current builds up through the inductance energy 
is stored in the magnetic field instead of being converted into heat. When 
the magnetic field collapses the current flow is in the opposite sense to 
the applied e.mf. and reduces the current that would flow if a resistive 
load of the same impedance value were used. The result is then the same as 
if power were being returned from the load to the alternator. Since the 

_ Curve shows as mich power returned as power received the net power taken 
from the alternator is zero. In practice, this cannot be achieved as an 
inductance will always have at least a small amowmt of resistance but it is 
approximated. We see then that if a load consisting of pure inductive 
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reactance is applied to any form of generator (whose internal impedance is 
pure resistance) there is no net power output. 


Capacitive Loads 


1120. If the load is pure capacitive reactance the current in the 
capacitance always leads the voltage drop across it by 90°. The power 
curve is again symmetrical about the time axis as shown in fige160. Hence, 
when a load is pure capacitive reactance there is no net transfer of power 
from generator to load. : 


1121. We may generalise them as follows:=- 


(a) When a generator is connected to a resistance load 
power is delivered to the load. 

(b) The amount of power delivered is a maximum when the value 
of the resistive load is equal to the value of the internal 
resistance of the generator. 

(c) When a load is pure reactance, either capacitive or 
inductive, there is no net power transfer to the load. 

(d) Reasoning conversely, if there is no net power transfer to 
a load, the load appears to the generator as pure reactancee 


Mixed Loads 


1122. Suppose we consider next a load impedance that contains both inductive 
and resistive components. The impedance will be given by 


2 =/ (Lw) = + Re. The voltage drop across the load will be IZ =I x/ (tw) 2 + Re 


=/ (Lw1)2 +. (IR)* =/ W. drop across inductance)“ + (Ve drop across Resistance)“ 


The current will lag behind the voltage drop by an angle given by 


ten g = 2 = Mt . AL 
VR RI R 


Hence, the greater the ratio of the inductance to the resistance, the greater 
will be the phase angle g If we assume a phase angle of 45°, we shall 

obtain voltage, current and power curves as in figel61l. We see that there 

is a net flow of power into the load since the positive part of the power 

curve is larger than the negative part. We can imagine the entire power having 
been supplied but the negative part having been returned because of: the 

reactance in the load. The net mean power input will be given by (In us)? x R, 


1123. if we have a load consisting of capacitive reactance and resistance the 
only difference introduced is that the current will lead the voltage drop 
across the load by a phase angle given by 


yo . XcI _ Xe 1 
Tan eum = ee se Ss. 
g VR RI R ‘CwR 


The curves for voltage, current and power will then appear as in fige162 which 
again shown the presence of negative or returned power. The power output is 


again given by (Ip wes.) x R. 


1124. It follows then that the presence of a reactive component in any 
load results in returned or reflected power. This suggests that we can only 
get the maximum power transfer to a load under the following conditions: - 


fa The effective load reactance is zero. 
{b) ‘the load resistance is equal to the internal resistance 
of the generators 


1125. So far we have assumed that the generator impedance is purely resistive. 
This is not necessarily the case. If there is reactance in addition to resistance 
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the total impedance in the circuit is increased. Hence the current flow is 
reduced. Also, since reactance in the load increases the total impedance, 
the current flow is again reduced. We may then say that we can only obtain 
maximum current flow when the total impedance is & minimum, i.e. equal to 
the sun of the internal resistance and the resistance of the load. We may 


then restate the requirements for maxims power transfer to a load as follows: 
fe Reactance of system is zero 
b load resistance is equal to the internal resistance 


of generator. 


1126. Since the voltage drop across a capacitive reactance is opposite in 
sense to that across an inductive reactance we can eliminate any reactance by 
introducing an equal and opposite reactance. Hence, when an alternator has an 
inductive component in its internal impedance we can eliminate its effect at 
any selected frequency by inserting a suitable capacitance in the load. 


Tranmaission Line Properties 


1127. In so far as radar work is concemed, it is normally not feasible to | 
couple the generator directly to the load, i.e, the oscillator to the radiating 
array or the local oscillator to the mixer. Some form of transmission line 
therefore mist be introduced. Before we can see how we must modify out basic 
matching law as stated in para.1125 (a) and (b) to deal with the insertion of a 
transmission line between generator and load, we must consider the constance 

of transnission lines and the conmoner basic forms in which these lines appear. 


Types of Transmission Lines 


1128 Transmission lines using the "go and return" circuits, appear in four 
basic forms:- 


(a) Parallel wire line separated and supported by 
suitable insulators. | 

(b) Single wire line using: the conducting earth as 
the return circuit. 

te Shielded pair, usually embedded in a dielectric. 

d) Coaxial line, with air or other dielectric. 


These are illustrated in fig.164. 


Transmission Line Constants 


1129. All transmission lines are described in temas of four fundamental 
constantsie 


a} L = inductance per unit loop length. 

) C + capacitance per mit loop length. 

GC} R- resistance per unit loop length. 

(d) G= conductance or leakance per wit loop length. 


Py loop length we mean wit length of both the "go" and "return" conductors. 


1130. (a) L represents the self~inductance of unit length 

in both sides of the line, 3 

(bh) C represents the capacitance across mit length of the line 
in the case of the shielded pair and coaxial line. In the 
case of the single wire line it will represent the capacitance 
to ground and adjacent objects. In the case of the peraliel 
wire line it will be the net effect of capacitance across the 
line and capacitance from either side to ground and other 
conductorse 

(c) R represents the ohmic resistance per uit length of both the 
"go" and "return" paths. 
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(4) G represents the leakage from one side to the other per unit 
length due to ionisation, dielectric leakage, insulator leakage, 
ACa 


We may then represent any type of transmission line in the form shown in fig.163. 


Characteristic ce of a Transmission Line 





iijle We may define the characteristic impedance of a line in terms of the 
constants in parael1129 by the formula:- 





At frequencies such as are used in radar with the type of lines we use, R 
becomes negligibly small compared with Lw and G becomes negligibly small in 
comparison with Cwe We may therefore use the approximation 


Zo = im)" -/ ohms where L is in microhenries per mile and 
J (cw)? 


C is in microfarads per mile. Z, will be regarded as pure resistance for our 
purposes. 
Rules for the Characteristic Impedance of Practical Lines 





1132. For the parallel wire line, Zo is given by the formula Z, = 276 log da 
where d is the centre-to-centre distance of the wires and r is the radius r 
of the wires. This assumes air as the dielectric. The value of Z>) will only 
vary slowly for a wide range of variation in the ratio of da Such lines 
usually have a Z, of about 600 ohms. r 


1133. For the coaxial line we have the formula Zo = 138 log D where D = 
diameter of outer and d = diameter of inner when the d dielectric is 
aire If a dielectric of dielectric constant K is used, the formula becomes 


Zo, 138 log D 
K d 


1134. For the embedded pair, the rule takes the form 


- FES, 0g 202 - D2) 
Zo SK. log a or 


2) 
° (2) 


where D distance from centre to centre of conductors. 
a diameter of conductors. 
r= radius of earthed sheath. 


What Happens When a Transmission Line is Connected to a Generator. 





11355. If a transmission line is connected to an A.C. generator the one side 

of the input end of the line will swing alternately positive and negative 

with respect to the other end as the generator goes through its cycle. While 
swinging positive, electrons flow from the conductor into the armature. We 
thus have a rarefaction or thinning out of electrons travelling away from 

the generator, This will build up to a maximum and then decay to zero while 
the generator goes through a half-cycle. During the next half=cycle the | 
armature is pushing electrons into the same conductor, so the rarefaction is 
followed by a condensation of electrons which builds up to a maximum and decays 
to zero while the generator goes through the second half-cycle. In_a loss-free 
line this disturbance travels with the speed of light, ine, 3 x 107" cms. or 
386,000 miles per second. For a frequency of 50 cycles per second a full — 
period takes 1/S5oth second. The disturbance will then travel about 3720 miles 
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during one cycle. This distance we call a wavelength. If we think of a 
generator with a frequency of 3300 Mc/s. the wavelength becomes about 9 cms. 
When we have an A.C. generator connected to a line with one side earthed, we 
send down the “hot" conductor a series of electron condensations and rare- 
factionse If the line is balanced the electron movements will be in antiphase 
in the two conductors. Since the electron density is different the potential 
is different along the line. Assuming the one side to be “earthy” we will 
then have a potential difference distribution along the line that is deter-_ 
mined by the electron concentrations along the "hot" line. If the input is 
sinusoidal the voltage distribution will be sinusoidal at any instant. But 
the electron distribution is continually changing at any point, Hence, if we 
consider the changes at any point, the electron concentration will vary 
sinusoidally with time and the voltage at that point will vary sinusoidally 
with time. This is equivalent to saying that voltage wave is travelling along 
‘the line. The wavelength of this wave is found by finding how far an electro-- 
magnetic wave will travel while the generator completes one cycle. 


The Infinite Line 


1136 If a line were of infinite length the voltage wave could travel away 
from the generator forever. While this case is a practical impossibility we 
shall be interested in what current flow would take place if it were possible. 
In para.1231 it was pointed out that a transmission line has a characteristic 
impedance given by Zo . f& ohms which is pure resistance. If the generator 


@¢emf. is V and the internal resistance of the generator is R, the current flow 


would be given by I= V__. The voltage drop across the line would then be 


IxZyorVx _40_, Tf Zo = R, we have a voltage drop of Vx Zo or V 
R + Zo “Bo 2 


across the line and an equal voltage drop in the armature. We say the line 
is then matched to the generator. The infinite transmission line may then be 
regarded as a pure resistive load of value = Z, ohms. Such a line will take 
the maximum power from a generator when Zp = R = interne] resistarice of the 


generatore 


The Finite Line with Resistive Termination equal to Zo. 


1137. If a finite length of line is completed by putting a pure resistance 
of magnitude 2 across ‘the two conductors it looks the same as an infinite 
line to the generator. The steady A.C. current is then given by I =_V 

| | R+a2 
just as above. If Zo is equal to R, the internal resistance of the peneraten, , 
we get the maximum power transferred to the load. The power flows to the load 
in the form of a steady travelling wave of the same type as would flow away from 
a generator if connected to an infinite line. By 





1138 The terminating resistance need not be an actual resistance. A resonant 
circuit whose dynamic resistance is equal to the Z» of the line would be. 
equally satisfactory. A resonant aerial would therefore be a sritable termination 
for a line whose Zo was equal to the radiation resistance of the aerial. | 


Line with a Resistive Tennination Greater Than Zo 


1139. Suppose we have a generator of internal resistance R feeding into a 
line of Zo = R. A sinusoidal current of value I = _V (where V is the 

2R 
generator e.mf.), would then start to flow into the line. When an electron 
condensation reached the end the electrons could not flow through the load 
to the earthy side as rapidly as they were moving down the line.. They would 
then tend to pile up and repel the oncoming electrons back. We might think 
of it as a surge of electrons hitting the termination and .some of them passing 


on through it while the others bounge back to give a reflected condensation. 


(b) 
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We say then that when the line is termwinated in a resistive load greater than 
the Z, of the line the voltage wave reflects in the same phase, ieee, without 
phase reversal, since condensation travelling to the termination results 

in the reflection of a condensation at the termination. 


The Open-Circuited Line 


1140. The amplitude of the reflected wave will be dependent on the extent to 
which the termination exceeds Zoe The more the magnitude of Zz, (the resistive 
load impedance) exceeds Zo, the greater will be amplitude of the reflected 
wavee If we go to the limiting case of the open-circuited line the entire wave 
must be reflected so the amplitude of the reflected and incident waves must 


be equal. 


—_ oom 


The Line Terminated in a Resistive Load Less Than Zo 


1141. If 2; is a resistance less than Zp we may imagine en effect at the 
termination rather like the effect when an automobile which has been climbing 
a hill reaches the top. If the same acceleration is provided the speed will 
suddenly increase when the opposing force is reduced, When the electron 
condensation reaches the termination there is a tendency to shoot across the 
low resistance termination to the other side of the line at a greater rate 
than the flow can be sustained. The effect of the overshoot is to send a 
rarefaction back toward the generator. We say then that when the line is 
terminated in a resistive load, 21, which is less than Zp, we have a reflected 
voltage wave whose phase in opposite to that of the oncoming wave, le€., we 
have reflection with phase reversal. By saying we have phase reversal at the 
termination we mean that when a condensation arrives at the termination a 
rarefaction is reflected back. 


The Short-—Circuited Line 


1142. Obviously, the anplitude of the antiphase reflected wave will be 
dependent on how auch the value of Zy is below the value of Z,+ In the 
limiting case of the short-circuited line the amplitude of the antiphase 
reflected wave will be equal to that of the incident wave. 


SUuImnAry 
114.3. We may gather up these points as follows:- 
\ 


(a) When a line is terminated in a resistive load, Zz, = Zo, 
there is a steady travelling wave passing down the line 
to the load. There is then no reflection. 

(b) When a line is terminated in a resistive load, 2; > Zo, 
there is partial absorption and partial reflection without 
phase reversal. The aaplitude of the reflected wave 
increases as the ratio of Z, : Zo increases. 

(c) When a line is open-cirowited, Zy, =°O, and the wave is 
completely reflected without phase reversal, i.e., the 
reflected wave has an auplitude equal to that of the 
incident wave and is in phase with it at the termination. 

(ad) When the line is terminated in a resistive load, Z,,<2o; 
there is partial absorption and partial reflection with a 
phase reversal. The amplitude of the antiphase reflected 
wave increases as the ratio of Z : Zz, increases. 

(e) When the line is short-circuited, Zz, = 0, and the amplitude 
of the antiphase reflected wave is equal to that of the 
incident wave so we have total reflection. 


standing Waves 


ll, If a piece of steel wire or gut is suitably bowed, it will show 
standing waves, i.e., certain points are practically at rest while points 
half-way between are vibrating through a wide amplitude. The stationary 
points are called nodes and the points of maximum displacement are called 
antinodese The distance between nodes or antinodes is a half wavelength. 
Such standing waves are produced whenever we have two travelling waves going 
in opposite directions, ieee, an incident wave and a reflected wave. 


2h 


C.D.0896L 


11,5. We have noted that on a transmission line we have a direct wave and a 
reflected wave when the resistive termination Z; is not equal to 2. The two 
waves travelling in opposite directions will interfere to form a standing wave 
on the line. If Zy, Zo, the reflected voltage wave and the incident voltage 
wave are in phase at the termination and we have a voltage maximum or voltage 
antinode at the termination. A quarter wavelength back there will be a voltage 
minimum or voltage node. At the termination the current is low so there is a 
current node and a quarter wave back there is a current maximum or antinode. 
Voltage and current maxima and minima are then displaced by 90°%in a standing 
Wave. 


1146. If the line is open-circuited the amplitude of the voltage maxuoum at 
the open end will be 2V where V is the amplitude of the direct wave, The 
amplitude of the voltage a quarter wavelength back from the open end will be 
zero as the direct wave and reflected wave are 180° out of phase. This follows 
since the direct wave is 90° short of the in-phase point and the reflected wave 
‘is 90° beyond the in-phase point at the open end. The amplitude of the standing 
wave then varies between 2V and zero on the open-circuited line. 


1147. In the general case of a tenaination Zy,>Zo, the amplitude of the 
standing wave varies between Vi + VR and Vi - VR, where Vi is the amplitude of 
the incident and VR the amplitude of the reflected wave. Voltage maxima or 
antinodes oceur at the termination and at half-wave intervals back toward the 
generator. Voltage minima occur at odd quarter wavelengths from the termination. 
Current maxima occur with voltage minima and vice versa. 


11,3. In the case of the short-circuited line the amplitude of the reflected 
wave is equal to that of the incident wave at the short-circuited end and is in 
antiphase. The amplitude of the standing voltage wave is then zero at the 
shorted end as one would logically expect. The current will, of course, be a 
maximum, We then have current maxima and voltage minima at half wavelength 
intervals from the shorted end and voltage maxima and current minima at odd 
quarter wavelength intervals from the shorted end. : 


1149. If the resistive termination 21, << Zo, the voltage amplitude is 
Vi - VR at the termination and Vi + VR at half wavelength intervals from the 


termination. 


Standing Wave Ratio 


115. The degree of mismatch present on a line is indicated by the ratio of 
the voltage amplitude at the nodes and antinodes. We may define the standing 
wave ratio as 


Vi + VR ae Vinax. 
Vi- VR Vinin. 


In the extreme case of total reflection, the ratio is infinite. If there is 
a perfect match and VR = 0, the standing wave ratio is le Hence, as the 
standing wave ratio falls towards 1, we progress from total reflection and zero 
absorption of power, to zero reflection and total absorption. Any method of 
measuring the standing wave ratio then provides an indication of the degree of 
mismatch present at the termination. On an open wire line, neon bulbs may be 
used to indicate standing waves. If the glow set up varies as the neon is 
moved along the line, the voltage must be varying along the line and standing 
waves are present. If the glow remains at a constant intensity the RMS. 
voltage value is constant along the length. There is then only a travelling 
wave and complete absorption and a perfect match between line and load. 


Flat Lines and Resonant Lines 


1151. A line which is matched to its termination and shows no standing waves 
is cailed a flat line. A line which shows standing waves because it is not- 
matched to its termination is called a resonant line. 


Losses on Resonant Lines 


1152. If a generator is matched to a line the maximm power is taken from 
the generator to the line.’ Obviously, we want the maximum possible transfer 
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of power from the line to the termination. We know that the power will flow 
steadily into the termination if 2y, (resistive) = Zoe The question arises as 
to what happens to the power that is reflected at the termination. One effect 
will be a tendency to cause flashover at the voltage antinodes or maxima. 
These flashovers, and corona discharges from rough edges or tiny projections 
due to a surface that is not perfectly smooth, will cause heating of the air 
dielectric in either an open wire line or in a coaxial line with air dielectric. 
In dielectric-filled lines, flashover is improbable but there will be heating 
and softening of the dielectric. In each case power is wasted. Furthermore, 
flashover and @ischarges will tend to be more troublesome as altitude 
increases. With dielectric-filled lines dielectric breakdown is more likely 
at bends where there is an added mechanical strain on the dielectric. 


1153. Whenever standing waves are present, there is also a tendency for energy 
to be radiated. This effect becomes more and more pronounced in open wire 
lines as the wavelength becomes comparable with the spacing of the lines. In 
shielded lines of the coaxial or embedded pair type, no radiation should be 
possible if the outer sheath could be kept at a true RF. earth potential. 

At very high frequencies some radiation seems to escape even from such lines. 


1354. It. follows then that standing waves result in wasted power, reduced 
efficiency and reduced output. In addition, flashover and corona discharges 
in air dielectric line tends to cause noise and interference and a much 
impaired signal to noise ratio. It is, therefore, imperative to avoid standing 
yaves as inuch as possible in radar work. | 


Composite Lines 


1155. In radar work it is frequently impossible to connect a generator to 

its load by means of a single continuous section of transmission line. In 
general, the line may have to include several sections of different dimensions, 
dielectric and designe These different sections will have usually different 
characteristic impedances. Where the two sections meet we shall encounter 

the same problem that appears when the line terminated in a load whose resistiv 
value is different from the Zo of the line. That is, reflections occur either 
in phase or in antiphase, depending on whether the Zo of the next section is 
greater or less than that of the preceding section. The amplitudes of these 
reflected waves and the resultant gstané@ing waves will depend on the degree of 


mismatch just as before. 


Functions of Matching Devices 


1156. We see then that the maximum power output from a radiating array depends 
on fulfilment of the following conditions:- : 


(a) The generator must be matched to the line to get the 
maximum power from the generator into the line. : 

(b) Where a composite line is required the various sections 
must be matched to each other to prevent progre ssive 


reflection at each Aiscontinuity. 
(c) The final line section must be matched to the radiating array. 


We are, therefore, faced with the requirement of finding impedance trans< 
formers and other matching devices to fulfil these conditions. 


Impedance Transformations by Transmission Lines 
The Correctly Terminated Line 


1157. We have noted in parael152 that if a generator of internal resistance 

R is connected to a load given by Zy = R by means of any length of transmission 
line of Zo = R, there is no standing wave on the line but the steady maximum 
flow of power to the load, It follows then that when a line is terminated 
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in a resistive load equal in value to Z,, theeffect is the same as if the 
line were absent. We note, therefore, that any length of line of 
characteristic impedance Zo will act as a 1: 1 impedance transformer when 
terminated in a resistive load Z], = Zoe We also noted in para.1151 that 
such a line is a flat line. That is, that if a neon bulb or other form of 
R.P. voltmeter were moved along the line, it would show the same R.M.5. 
voltage at all points along the line. This voltage would be given by V = 
IZo where I is the RM&. value of the A.C. current taken from the generator. 
The value of I would be given by I = E  =_E or _E where E is the EMM 
zs Zo t+ R  edy 2R 
developed by the generator. Also, since the effect is the same as if the 
generator were coupled directly to the resistive load, voltage and current 
are in phase at all times at al) points along the line. 


The Open Circuited Line 


1158 In para.114) we noted that when a line of characteristic impedance 
Zo is open circuited the incident wave is reflected without phase change at 
the termination and that the amplitude of the reflected wave ‘is equal to that 
of the incident wave. The two waves interfere to give a standing wave with 
voltage mexima and current minima at the open end at half-wave intervals, 
iee., even multiples of a quarter wavelength. The voltage minima and current 
maxima occur at odd quarter wavelength intervals from the open end. Since all 
the power is reflected such a line obviously acts like a pure reactance. The 
value of the reactance it presents at any point will be given in magnitude 

Vv 
sense by Z = Il where V and I are the RMS. voltage and current at the point. 
If we plot the values of Z found from this rule against values of £ measured 
from the open end, we get a graph as shown in fig.167. The impedance is a 
capacitive reactance varying betweenovand zero in the first quarter wavelength 
and an inductive reactance varying betweeneoand zero in the second quarter 
wavelength. All following half-wavelengths repeat the same cycle. Hence, @ 


half wavelength of open line can be used to provide any value of either 
j ropriate point. 


capacitive or inductive reactance by tapping in at the a 





The Short Circuited Line 


1159. In para.11)8 we noted that a short-circuited line differs only from 

the open-circuited line in having the voltage minimum and current maxima at 
the shorted end and at even multiples of a quarter wavelength while the voltage 
maxima end current minima occur at odd quarter wavelengths from the shorted 
end. The impedance curve for the shorted line then appears as in fig.168 
which is just fig.168 moved a quarter wavelength. Since all power is . 
reflected the line again acts like a pure reactance. The first quarter 
wavelength gives all values of inductive reactance between O and and the 
second quarter wavelength gives all values of capacitive reactance be tween 
géoand 0. Hence, a half wave-1 h of shorted line also shows the full 


range’ of reactance variation but in o different sequence to the half wave- 
length off open line. 


The Line with 2y, (Resistive) >Zo- 


1160. We noted in paraell,7 that such a line absorbs some power and reflects 
the balance. The resultant standing wave has a voltage maximum and current 
minimum at the termination and at even quarter wavelengths from the end. The 
voltage minima and current maxima occur at odd quarter wavelengths from the 
termination. Since we have both absorption and reflection the effect is 
similar to what happens when a generator is coupled directly to a load 
containing both a reactive and a resistive component. At all quarter wave 
points the impedance offered is a pure resistance. At the odd quarter 
wavelength points the value of this resistance is given by Zo. At the 

Zi, 
even quarter wavelength points the value is the same as the termination, 
jeGe, Ze In the first querter wavelength the impedance consists of 
resistance + a capacitive term, corresponding to the capacitive value 
shown by the open-circuited line in the first quarter wavelength. In the 
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second quarter wavelenpth the impedance consists of resistance + an inductive 
term, corresponding to the inductive value during the second quarter wave- 
length of the open-circuited line. 


The Line with 2), (Resistive)<Z, 


1161. When 21, was a pure resistance <Zo we also had absorption and reflection, 
but the voltage minima and current maxima occurred at the termination and even 
quarter wavelength intervals, while the voltage maxima and current minima 
occurred at the odd quarter wavelength intervals. Since we again have both 
reflection and absorption the effect is the same as if we had both resistive 
and reactive components in the load, The line will again offer a pure 
resistance at the quarter wavelength pointse At ane odd quarter wavelengths 
the value of this resistance is again given by 20 value is a gain given by 2}. 
21 . 
This transformation holds good, then, for any resistive mismatch. The reactive 
components in this case may logically be expected to correspond to the shorted 
line, iee., resistance + inductance in the first quarter wavelength, and 
resistance + capacitance in the second quarter wavelength. | 


1162. We have not previously discussed loads which consisted of both reactance 
and resistance. If we have a load containing a resistive component plus a 
reactive component, the essential difference is that the whole standing wave is 
shifted bodily by an amount which depends on the amount of reactance present. 
The direction of the shift is to the right if the reactance is capacitive and 
to the left if the reactance is inductive. The impedance variations along the 
line will be the. same as before if we use as a reference point the first 
voltage maximum for the case when Z;,> Zo and the first voltage minimm for 


4r, < Zo" 


Summary. 
1163. We may gather up the following major points about impedance transfor- 
mations by transmission lLines:- 


(a) Any length of line terminated in a resistive load equal.in value to 
the characteristic impedance of the line acts as al: 1 transformer. That is, 
the input impedance is always equal to the load and to Zo = ZL = Re 


(b) Any length of open=circuited line acts as pure reactance. Lengths 
up to a quarter wavelength act like a condenser and lengths between a quarter 
and a half wavelength act like an inductance. For the first quarter wavelength 
we may substitute any odd number of: quarter wavelengths, and for the second 
quarter wavelength, we may substitute any even number of quarter wavelengths. 


(c) Amy length of short-circuited line acts like a pure reactance.’ 
The odd quarter wavelengths act like an inductance and the even quarter 
wavelengths like a condenser. 


(a4) If we take a shorted quarter wavelength or an open half wavelength 
the impedance is infinite as either of these acts like a rejector circuit 


(L and C in parallel). 


(e) If we teke a shorted half wavelength or open quarter wavelength, 
the impedance is zero, so these act like an acceptor cirovit (L and C in series). 


(f) Lines with unmatched loads, whether purely resistive or a 
combination of resistance and reactance, show 4 pure resistive impedance 
at voltage maxima and voltage minima. The renge of variation is from Zo 
to ZL. Between the quarter wavelength points the impedance shows Zt, 
both resistive and reactive components. Proceeding from the termination 
toward the generator from any voltage minimm (current maximm) to the next 
voltage maximua (current minimum) the reactance is always inductive. Passing 


from the voltage maximum to the next voltage minimum the reactance is always 


, capacitive. 
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(yg) All impedance values are repeated at half-wavelength intervals. 
Any integral number of half wavelengths of line will, therefore, act as a 
1: 1 transformer since the input impedance is equal to the termination. 


(h) The input impedance a quarter wavelength from the termination is 


always given by Zo2. We may rearrange this in the form of Z2jnput = Zof or 
: Zoutpus 


4, 
2input * 4output = Zo2, This is true at any odd number of quarter wavelengths 


from the termination. 


Matching By Means of Transmission Line Impedance Transformations. 


1164. From para.1163(a) it follows that we can couple any generator of 
internal impedance R to a resistive load of the same value by any length of 
cable if its characteristic impedance is also equal to Re Such a system is 


matched at all frequencies. 


1165. From para.1163(g) it follows that we can couple any generator of internal 
resistance R to a resistive load of the same value by a line of any character~ 
istic impedance if its length is an integral nunber of half wavelengths. Such 
an arrangement is matched only at the frequency for which the line length is 

an integral number of heif wavelengths. This method of matching is termed 
half-wave transformer matching. It is accompanied by phase inversion 4s in a 
normal mutual transformer. 


1166. From para.1163(h) it follows that we can match a length of line of 
characteristic impedance Z, to a line of characteristic impedance 22 by means 
_of an odd number of quarter wavelengths of line of characteristic impedance Zp 


where the value of Z,) is determined by the equation 2] x 42 = Zots This method 
of matching is called quarter wave transformer matching. The principle is 
essentially that a reflection occurs at the input end of the transformer. An 
equal amplitude reflection occurs at the output end. Since the second wave 

has travelled forward a quarter wavelength and back a quarter wavelength it is 
a half wavelength or 180° out of phase with the first reflected wave. The two 
reflections are then equal in amplitude and in antiphase, so cancel out. There 
is then no effective reflection so there is an effective match. 


1167. From para.1163(f) it follows that between any maximum and minimum 
there will be a point where the resistive component of the impedance into 
which the line has transformed the load is equal to Zo. This follows since 
the resistive component varies between Zoe and Z;- If ZL >aZo then 2,2 <Zp.- 
ay, Zi . 
Hence, the resistive component passes through the value Zo in its range of 
variation. If Z;,< 2, then Zo2>Z, so the resistive component again passes 


Z ; 
through the value of Zo in ite range of variation. In general, there will 
also be a reactive component at this point. That is, the load looks like a 
resistance R = Zo shimted by either a condenser or an inductance. If we 
could connect in parallel with this reactive component the opposite reactance 
which would resonate it at the frequency in use, we should have R = 49 now 
shimted by a rejector circuit which would be equivalent to an infinite shunt 
resistance, i.¢., an open circuit across R = Zo. We could thus eliminate the 
unwanted reactive component completely. The line from the generator to the 
matching point will then be working into a matched impedance at the matching 
point, so there will be no reflected wave back to the generator and hence no 
standing waves on this part of the line. If the matching is done near the load, 
standing wave losses are eliminated from most of the line. | 


Stub Matching 


1268. We know from para.1163(c) that we can obtain any desired value of 
Snductive reactance from a shorted length of line up to a quarter wavelength 
long and any value of capacitive reactance from a shorted length between 4 
quarter and a half wavelength long. Hence, if we can find the first point 
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back from the load where the resistive component of the impedance presented 
to the line is equal to Z,, and can tap in at that point a shorted stub of 
the length which will resonate the reactive component at that point, we 
shall have matched the line to the load. This is the principle of stub 
matching. What we have really done is so adjusted the stub length that the 
wave travelling down the stub, reflecting with a 180° phase change at the 
shorted end and coming back up and reflecting back toward the generator, is 
equal in amplitude and opposite in phase to the wave reflecting at the 
tapping point. The two reflected waves returning toward the generator then 
cancel out so there is no effective reflected wave and only a travelling 
wave from the generator to the load. There is, however, a standing wave on 
the stub. 


1169. From para.1163(b) it follows that the appropriate length of open- 
circuited stub might also be used. In general, it is easier to work with an 
open stub and vary the position of a shorting bar to get the desired length 
of shorted stub. 


A general rule for stub matching may be stated as follows:~ 


(a) Locate the first current maximm or voltage minimum back fron 
the load (generally a radiating array). Somewhere within the 
th wavelength towards the aerial a match can be made with a 
length of shorted stub less than a quarter wavelength long. 

{(b) Alternatively, a match can be made with a length of open stub 
less than a quarter wavelength long within the jth wavelength 
from the current maximum back toward the transmitter. 


These rules are equally applicable to coaxial and open wire lines but 
more difficult to achieve in the case of coaxial lines. 


Matching a Generator to a Line 


1170. We have seen that a line can be matched to an serial by some form of 
stub matching. We have also noted that different sections of a composite 
line can be matched to one another by means of quarter wave transformers. 
We have not, however, discussed the problem of matching 4 generator to the 
first section of the line. This matching involves an impedance transformation 
that will make the Z, of the line offer a resistive impedance to the 
generator that inmatches the internal resistance of the generator. If the 
generator has any internal reactance, the transformation must also present an 
equal and opposite reactance. If the internal impedance of the generator is 
a pure resistence the latter problem does not arises In so far as the trans~ 
mitters familiar to the radar mechanic are concerned, the method used for the 
transmitters in the 1s metre band is usually to take off aerial taps on the 
transmitter lecher lines. What is then effectively being done is that the 
lecher line is being used as a transformer, Since it is an oscillatory 
circuit, it is effectively a coil and condenser tank circuit with the high 
impedance end of the tank circuit connected to the oscillator valves. Tapping 
the aerial feeders ‘in towards the bottom end of the lechers is equivalent to 
tapping down on a coil at the point where the tank circuit dynamic resistance 
matches the impedance of the feeder. If the feeder is correctly matched to 
the aerial the maximum power flow goes to the aerial. 


1171. In the case of transmitters using actual coil and condenser tank 
circuits, the aerial feeder may be transformer-coupled by means of another 
tuned circuit or merely tapped in at the appropriate point on the main tank 
coil. The impedance transformation is then the same as that achieved by any 
transformer. The basic rule is 


2 feeder = 2 serial coil 
Z tank circuit T tank coil 


where T aerial coil is the turns on the aerial coil 
and T tank coil is the turmms on the tank coil. 


Where a tapped coil is used the action is that of an auto-transforuer. 
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1172. If the aerial is not correctly matched to the feeder there will be 
reflections from the aerial and a standing wave on the feeder, This is 
equivalent to saying tnat inout impedance of tne feeder now contains a 
reactive component. When the generator is an oscillator it automatically 
adjusts its frequency to the value where the net reactance of the tuned 
circuit and the reactance effectively coupled in by virtue of the standing 
wave becom:s Zero, lsnce, 4 variation in the standing wave will cause 
frequency changes. For frequency stability the minimising of standing waves 
on feeders becomes essential. In the case of airborne transmitters the 
impedance presented by an aerial to the feeder ‘nay vary as guns are swing, 
or, in the case of aerials near propellors, as the propellors turn. ‘These 
changes may result in frequency snifts due to reactance coupled back into the 
oscillatory circuit. 


1173. In the case of tightly coupled circuits, i.e., when a tank circuit is 
tapped or transformer-coupled to get the ‘aaximun power from the transmitter 

to the feeder, there may be two frequancies at which the net reactance may be 
20rd, depending on the anount of aerial current. Hence, as the muvrent builds 
up and decays, the frequency :zay jwnp between the two values. ‘vo avoid this 
difficulty it is necessary to reduce coupling, i.e@., work with a coupling that 
takes less power from the transmitter. We tnen have a mismatch between trans- 
mitter and feeder. This does not cause any standing waves. The result is only 
to reduce the power apolied to the feeder. ‘he loading of the transnitter is 
reduced and its frequency stability is improved. 


1174. In the case of cu. equipaent like the Mark IIC H.2.5. installation, the 
matching of the coaxial feeder to the wagnetron transmitter is done by combinin,; 
the principle of the quarter wave transformer and impedance transfomnations by 
transiaission lines of other lengths. Details are discussed in paras. 262+266. 


Matching a Cable to a Receiver 


1175. Tne problem of matching a feeder to a load also crops up in radar 
receivers. When signals come froin the aerial or otner stage to an amplifier 
on &@ coaxial feeder, the power inst be transferred to the tuned input circuit. 
The coil of this input circuit is normally used as the impedance transformer. 
As the impedance of tne tuned circuit will normally be higher than that of the 
feeder used the feeder will usually be tapped down on the coil. The tapping 
point that results in the createst power transfer to the input circuit will be 


given by 
Zfeeder . 1 feeder coil 
4 input eclircuit T input coil 


T feeder coil will be the twms between the tap and the earthy end of 
the coil. ‘T input coil will be the full coil turns. 


The action is again that of an auto-transformer. fhe tanping point which gives 
the best power transfer will not necessarily give the best signal-to-noise 
ratio due to the relation between nose generated in an input circuit and band- 


Width of input circuit. 


The Half-Wave Dipole 


1176. The properties of the half-wave dipole may be deduced from the open- 
circuited transmission line. Suppose we consider first fige173(a). We 

know that we shall have in=«phase reflection at the end of the line to produce 
a voltage maximuwn and current minimun At the quarter wavelength point X we 
shall have a voltage :wninimwo and current maxima, The open end is an infinite 
impedance point and the quarter wavelength point X is a zero impedance point. 
We also mow that all the energy is reflected. There will be standing waves 
on the line but if the wires are close together the fields of one wire will 
largely cancel those of the other, so there will be little net radiation. 


1177. If we bend back the quarter wavelength at the end of the line as in 
fige173(b), this cancellation will no longer hold. Hence, there is some 
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radiation from each of the bent sections. This ineans that some power is 
actually being taken fron the generator and we are obtaining the same effect 
as if we had a high resistance as a termination. The anplitude of the 
reflected wave therefore falls and the standing wave is reduced. fhe voltage 
at X is then no longer zero. i\fe see then that as the ends are bent back the 
impedance at X rises (because the voltage rises) and the impedance at the 

end falls as the voltage falls. 


1178 If we continue the bending until the two quarter wavelengths are at 
right angles to the line there is considerable radiation as cancellation 
between the two fields is now a minimum ‘The impedance at X then reaches its 
highest value of around 72 olms. The sections XZ and XY now constitute a 
half-wave dipole radiating element or aerial which offers a resistive load 

of about 72 ohms to the line. Since the energy is being radiated into space, 
the effect, in so far as the generator is concerned, is the same as if a 72 olm 
resistor were connected across the line. We say then that the half-wave 
dipole has a radiation resistance of about 72 ohms when in free space. This 
value will be nodified if it is in a dipole stack or associated with 
reflectors or directors. 


1179. To feed such a dipole with a travelling wave the characteristic 
impedance of the line should obviously be 72 ohms if the line length is not 

to be critical. At one particular frequency it would, of course, be possible 
to use a line an integral nunber of half wavelengths long and obtain a 
travelling wave regardless of the Zo of the lines In general, it is preferable 
to match the line to the aerial by some form of stub matching employing the 
principles discussed in para.1169. 


Yoitage Feeding 


1180. Fig.174 shows a voltage-fed half-wave dipole. By voltage feeding we 
mean feeding at a point of high voltage and low current, ieee, at a high 
impedance pointe The free end of the dipole will be a current minimum or 
voltage maximum. The same condition holds at the input end, back a half wave- 
length, since the impedance cycle always repeats every half wavelength. Hence 
the input end is a high impedance or high voltage point. If the one side of 
the line were linked directly there would be a mismatch unless the Zo of the 
line matched the aerial. Matching may be done conveniently by fitting the 
aerial to a shorted quarter wave stub and then tapping the feeder in at the 
point on the stub which results in a negligible standing wave on the line. 
The portion of the stub below the tap then becomes the matching stub and the 
balance of the stub becomes part of the feeders As the end of the feeder is a 
current minimum the first current maximum would occur a quarter wavela@egth back 
along the feeder. Our stub is between this point and the aerial so we are 
using the rule in para.1169{a). This case must not be regarded as a /2 ohm 
load across the line as the aerial is not being centre fed but is being end~ 
fed, ieee, at a point where it presents a high impedance. The considerations 
are then those that apply when a line feeds a resistive load of value greater 
than Zoe The first quarter wavelength of line shows resistance plus 
capacitive reactance. The stub is therefore an inductive reactance. 


11813. An alternative way of looking at the shorted quarter wave stub is to 
regard it as a rejector circuit. The aerial is tapped in at the high 
impedance end of the equivalent coil and the feeder is tapped down so that 
the feeder impedance is stepped up to match the aerial. 


Current Feeding 


1182, Current feeding a dipole means that the feeder is connected at a low 
voltage, high current point, i-e., at a low impedance point. This suggests 

the 72 ohms offered by a centre-fed half-wave dipole. This is illustrated 

in figel75. Assuming a 200 ohm line and a 72 ohm load, we have 2],< Zoe The 
centre of the dipole is then a current maximua The first current maximum 

on the feeder will be back half a wavelength. According to the rule in 

para. 1169(a), a match can be obtained within the gth wavelength towards the 
aerial with a shorted stub less than a quarter wavelength longe This condition 
is obtained by feeding the aerial from a shorted half-wave stub and tapping 


the feeder in as shown. 
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Gurrent Feeding with Coaxial Feeder for Microwave Dipole 


1183. When using a parallel wire line to centre-feed a half-wave dipole the 
two sides of the line are balanced with respect to earth by some form or 
symmetrical or centre-tapped feed at the input end. The fields of the two 
wires will then essentially cancel out both in so far as current flow to the 
aerial is concerned and insofar as fields induced on the feeder by electro- 
magnetic waves in space. The only effective radiating and receiving element 
is then the dipole. When a coaxial line is used one side of the dipole is 
connected to the inner and the other to the outer which is earthed. We then 
have an unbalanced arrangement in which the potential fluctuations are all on 
the inner. Radiation from the aerial orother waves in space may induce voltages 
on the outside of the outer which are applied to the dipole section attached 
to the outer in addition to the voltage induced in the dipole itself. ilo 
such components will appear on the half of the dipole connected to the inner, 
This will destroy the directional properties of the aerial. To overcome 

these difficulties it is merely necessary to convert the unbalanced arrangement 
to a balanced one in which there is no tendency for power to flow from tie 
dipole section attached to the outer down the outer surface, nor for voltages 
induced on the outer to reappear at the aerial. This condition is achieved 
by means of a shorted quarter wave arrangement. Surrounding the outer is a 
cylinder a quarter wavelength long making metallic contact with the outer of 
the feeder. As such a shorted stub offers a high impedance oracts as a 
rejector circuit, there is no tendency for any power to flow down the outside 
of the feeder. Conversely, any voltage appearing on the outside of the can 
would likewise be rejected at the south of the stub so would not reach the 
dipole section. This principle is also employed in the capacity joint in the 
scanner type 63 to prevent loss of KF. down the outside of the coaxial feeder. 


Physical Lengths of Half-Vlave Dipvoles 


11Gj. A resonant half-wave dipole, that is, a dipole that acts like a pure 
resistance at some frequency, is slightly shorter than the physical half wave- 
length because of a small amount of capacity between the ends and ground or 
other adjacent surfaces. If an aerial is too short for the frequency applied 
34 acts like a resistance + capacity. If if is too long it acts like a 
resistance plus inductance. In either case the standing wave shifts as 
@iscussed in para.1162. The position of a matching stub is therefore also 
shifted. Its length will also be affected. ‘fo effectively correct serial 
lengths loading units are used (as in Gee) instead of stubs at the longer 


wave lengths. 


Parasitic Aerial Elements 





1185. Where it is desired to concentrate all the energy radiated by an aerial 
in a small arc parasitic aerial elements are introduced. These are excited 

by the radiation from the driver element and re-radiate in such a way that the 
combined effect of their radiation and that of the driver element is to achieve 
cancellation in all but the required sector where reinforcement is obtained. 
Tnis calls for a spacing that will. result in aitiphase relations between 4ne 
waves travelling where no radiation is wanted, and in-phase relations in tne 
direction where radiation is wanted. 


1136. A reflector will be placed behind the radiator and a director is placed 
sn front of it. Reflectors are normally about 5% longer than the radiator 
and directors vather shorter. Spacing and lengths mut be adjusted to give 


the desired type of beam. 
The Shorted Quarter-Wave Stub as an Insulator 
1187. Since a shorted quarter wave stub ants as a rejector circuit it can 


be used to support transmission lines in preference to the usual type of 
insulator which will tend to show leakage and losses due to dielectric heating. 
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Transmission Lines «9 Tank Circuits For set lintors 


1188. Since the resonant frequency of &@ tuned circuit is given by eh Mi 
the development of high frequencies culls for u suall value of JIL. Jo TALE 

We can reduce Jit oy reducing G until we are using only the self-capacity between 
the coil turns. For turtner recuctions in /3£ we must reduce L by using 

sualier and smaller coils. ‘his itavolves 4 reduction in the value of the dynamic 
resistance of the tank circuit which is given by I and in the value of i%5 

Q which is given ty iv. The fakl in dynamic On resistance means 4 fall 
in output voltage R for a given RF. current. The fall in the Q value 
means a reduced frequency stability. To get over these difficulties sections 

of transitission line way be used as tuned circuits. “he fadiliar push-pull 
lecher bar tank cirewit is essentially a half wavelength of line but round and 
centre-tapred to earth. Tt thus becomes eftectively the shorted quarter wave 
stub rejector circuit. By centre-tapping to earth the open ends oscillate 

180° out of phase which is the sane result as 1s obtained in the normal push- 
pull oscillator using an LC. ten circuit with a centre-tapped coil. The 

large surface area that can be provided to carry R.F. currents iInakes it 
possible to keep the resistive losses down and thus obtain a high ,% and nigh 


frequency stability. 
Line Resonators 


1189. In general, a shorted quarter wavelength and an open half wavelength of 
line have the property of acting as a resonant circuit at the frequency which 
makes them an electrical quarter or half wavelength, respectively. Capacitive 
effects to groud or other surfaces will normally result in electrical lengths 
which are shorter than the corresponding physical lengths. The mixer line 
used in Mark JIC H.2.5. is an example of a resonant coaxial line section. How 
such resonance comes about can be visualised hy realizing that in the case of 
the shorted line whose length is an odd number of quarter wavelengths, & wave 
travels to the shorted end, reflects with a phase change of 180°, and returns 
to the mouth where it is in phase with the incoming wave. This phase relation 
arises out of a travel patn which is an even number, of quarter wavelengths 
(iee., an odd nunber of half wavelengths) + a phase change of 180° at reflection. 
Since the two waves are in phase at the input end the voltages add to give a 
high voltage across the mouth of the stub or a high iapedance joint. 


1190. The same type of argument holds for an open circuited line whose length 
is any integral number of haif wavelengths since there is no phase change on 
reflection. In both cases the voltage is high at the input end and suitable 
for matching to a high impedance source or load. Other iwpedances can be 
matched by tapping in at a suitable point. 


Limitations of the Guarter-i/ave wiatcnin Transforiser 





1191. We noted in para.1166 that two line sections of characteristic impedance 
%1 and Zo could be matched by a_ section of line a quarter wavelength long of 
characteristic impedance Zo =\/Z122+ This same method can, of course, be used 
to match a line to an aerial or other load. ‘/hen used to natch aerials to the 
main feeder, the term J=bars is sometimes applied to the quarter-wave trans- 
former section. ‘Such a transformer can only match at the frequency for which 
its length is a quarter wavelength. here frequency tends to vary something 
less selective is called for. This is sometimes achieved by a section of line 
of gradually varying Zo» In the case of the open line the spacing is gradually 
varied. In the case of the coaxial line the diameter of the outer is gradually 
changed. Where such a section is introduced, it is possible to pass rredually 
from a load impedance or 4 generator impedance to a line impedance without 
heavy reflections over a range of frequencies. This idea is utilised in the 
flared coaxial line section which is attached to the magnetron in the Wark IIC 


transmitter unit. 


Keeping Returned Signals out of the ix in Comnon T. and Re. Systeins 


1192. A transmission line problem that arises in radar equipments where @ 
common aerial is used for transmission and reception is the effective prevention 
of interference between signals coming directly into the receiver channel, and 
signals that travel down the trananitter channel to the cold transaitter where 
they reflect and come back in such a phase as to partially cancel the si,mals 
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coming straight into the receiver channel. This may be achieved by so 
selecting the line lengths that the cold transmitter impedance is transformed 
to a high value at the junction point in comparison with the matched impedance 


presented by the receiver. 
Limitations of the Co.xial Line for Microwaves 





1193. When the 9 cm and of wavelength is reached dielectric losses aad 
softening of dielectric due to R.F. heating, in addition to R.F, heating of 
the skin of the inner, render the use of coaxial feeders for high power work 
rather wasteful. Once the 3 cm band is reached such feeder losses become 
prohibitive. Obviously, the RF. skin resistance losses would be reduced if 
the surface of the conductor available for carrying the 2.F. currents could 
be increased. Dielectric losses would not be serious if air dielectric could 
be used.e These two requirements are achieved when waveguide tranamission is 
used instead of the familiar "go" and "return" type of transmission. 


The Inosphere and the Earth's Surface as a Waveguide 


1194. Long range radar transmission is achieved at low frequencies by 
directing radiation toward the inosphere where it reflects back to the earth's 
surface. The electromagnetic waves travel around the earth in the form of 
successive reflections between the inosphere and the earth's crust. These two 
surfaces may thus te visualised as a gigantic waveguide which serves to guide 
the wave around the earth. 


Waveguide Equivalents of Voltage and Current 


1195. It has been found that e.m. waves can be set up and guided from one 
place to another by means of metallic tubes of suitable dimensionse A wave 

is launched at one end and travels inside the guide to the required load. Since 
we no longer have two conductors the ideas of voltage and current are no 

longer very appropriate in the way we normally think of them. We must go back 
to the ideas behind voltage and current. 


1196. We know that an electric field exists between two surfaces that are 

at a different potential, i.e.,-have a voltage across them Hence, in so far as 
waveguides are concerned, we shall use the electric field concept instead of 
voltage. If we have an electric field or E vector of a given frequency we can 
detect its presence and variations in intensity by means of a pea lamp whose 
filament leads are brought out as little dipole elements to form a half-wave 
dipole which is resonant at the frequency involved. The direction of the E 
vector at any point in a guide is given by the direction of the dipole when 


the lamp glows most brightly. 


1197. _We also know that a moving magnetic field causes an induced current in 
a conductor placed perpendicular to the magnetic field. We can therefore use 
our pea lamp to detect an alternating magnetic field. When the dipole is 
held to give the maximm brilliance in an K.P. magnetic field the dipole is 
perpendicular to the H vector. The H vector is the waveguide analogue of 


currente 


The Electromagnetic Wave in Free Space 


1198. When an e.m wave travels in space we have a moving magnetic field and 
a moving electric field. At any point in the path of the wave the E vector 
rises and falls sinusoidally at the frequency of the wave, in a direction at 
right angles to the direction of propagation. The H vector does likewise but 
in a direction perpendicular to the plane containing the E vector and the 
direction of propagation. This plane is called the plane of polarisation. 
There is no E or H vector present in the direction of propagation. Such a 
wave is called a transverse wave as the E and H vectors are perpendicular or 


transverse to the direction of propagation. 


(A) CROSS 


a 





SECTION 


b 


Less THam Afz 


(A) 


INTENSITY oF E 


Hid WAVE IN RECTANGULAR WAVEGUIOE 


FIG.177 


(b3 Tof VIEW 


(BETWEEN 
My ¢ d) 


(<} 


INTENSITY OF FE YARIES 
SINV SOIDALLY Fhom MAX. AT 
CENTRE To ZERO AT Tof 


AND 60 TT0OM. 
ap EF VECTOR 
—mmceam & tH VECTOR 


CRass SECTION 


A) 





da 





i a oe 


ep F VECTOR 
> H VECTo# 


Hi WEE IN A CIRCULAR GwidDe 


Eo WAVE IN A CIRCULAR GVIDE. 





INSTANTANEOUS LONG—TIDINAL E DISTRIBUTION 
IN HORIZONTAL LAME JUVE To TRAVELLING AXIAL 
th ConmPoNENT 








SIDE VIEW 
ee ees re ee ee eee Pe eee se Viste ok Cag ce ae 
eos ne Jans VM oe ted ae 
¢ net 4 j ebdegd ’ THT? ¢ 
—~@- i}! 1 | © ogee # oth © mg oe / Vapt at am ne 


HALE OF GuUiCe WAVELENGTH 
INSTANTANEOUS LONGMIDINAL DISTRIBUTION OF HH 
IN THE VERTICAL PLANE 


LONGITUDINAL VERTICAL SECTION THROUGH AAIS 





ee eG eee ge ee A yeti att ee ey ee ee ee 


ae ae eo eee oe oe A ji ——a oe GP eee oe 


—_— = af ow | = a = 
— bade. coms ly amy Fad ee 
poreyry ¢ i aden ©) ohevee ¢ 
wae } | % om Gum * l h + t efi! j ig! iJ Se mw ae 
eo eee ee SV ee ee sl eit Pins a rs mo oe oe 


Hace OF GUIDE WAVELENGTH 
INSTANTANEOUS TRAVELLING H PATTERN 
ALONG HOE AKIS 


@ @ 


he 
TA) Ie 


@ H LINE NORMAL To SECTION ComiInG oUT 


o © 


@H NE Noamadt To Section Gono im 


(OTANI TANEOUS TRAVELLING E€ ParteRn) 


a= rf}YS, FR FF Fo a 


FIGI78 


FIG.I79 


C.D. 0896L 


The Electromagnetic Wave in a Waveguide 


1199. In the guided wave we find a new component in addition to the transverse 
ER and H components appearing in the free space wave. In some cases a dipole- | 
fitted pea lamp held in a guide with the dipole along the longitudinal axis 
of the guide will light up. This means that there is an RF. variation in 
the E vector, along the length of the guide. That is, the wave in the guide 
has an E component in the direction of propagation. Such a wave is called an 
E wave in ingland and a transverse magetic or T.M. wave in America. The 
term T.M. indicates that there is a travelling R.F. magnetic field associated 
with the travelling electric fiela@ whose H vector is perpendicular or trans- 
verse to the direction of propagation. 


1200. Another type of wave is found in guides where the pea lamp remains 
lighted if the dipole is held perpendicular to the longitudinal axis of the 
guide. This indicates that there is an R.F. H component perpendicular to the 
dipole, i.e. along the guide axis, and a transverse E componente Such a wave 
is called anH wave in England and a transverse electric or T.E. wave in America. 


1201. We see then that guided waves have a longitudinal E or H component 
which we regard as transferring the RF. power along the guide. If the long- 
itudinal component is electrical we shall call the guided wave an EF wave and 
look for it with the dipole pea lamp along the guide axis. If the longitud- 
inal component is magnetic we shall call the guided wave an H wave, and look 
for it with the pea-lamp dipole perpendicular to the guide axis. 


1202. <An alternative method of detecting guided waves is by means of crystal 
rectifiers. If a crystal is fitted with a probe and connected in series 
with a meter it will work in the same way as the pea-lamp. If the crystal is 
fitted with a coupling loop it must be held at right angles to the RF. H 
vector. Hence, the plane of the loop will be parallel to the guide axis when 
it picks up an E wave, and perpendicular to the guide axis when picking up 


an H wave. 


Guide Shapes 


1203. Guides in practical use are in general either rectangular or circular. 
Guides of elliptical cross-section have been investigated but have not 


eppeared in equipment. 


Exciting Guides 

120}. If a probe is taken from a magnetron along the axis of a guide it will 
start an E wave in the guide, If the laumching probe is introduced at right 
angles to the guide axis we shall obtain an H wave in the guide. | 


The H.10 Wave in Rectanzular Guides 


1205. To produce an H wave in a rectangular guide, it would appear possible 
to introduce the launching probe at right angles to the guide axis in either 
the horizontal or vertical plane. Suppose we consider first the case when 
the probe is horizontal. If the dimension "b" in fig.177(a), is progressively 
reduced, it will be found that when b becomes less than a half wavelength the 
waves will die out. This means that we cannot pass an H wave down the guide 
unless we make the dimension perpendicular to the launching probe at least a 
half wavelength wide. We say then that b =/2, where is the free space 
wavelength, is the cut-off or critical dimension. If a =»/2 or greater, we 
could put the probe in vertically as well as horizontally and the wave would 
be passed down the guide in two wayse If af+/2, there is only one way in 
which we can launch the wave and propagate {t down the guide. The wave then 
obtained is the simplest H wave that can be formed in a rectangular guide. 


It is called an H.10 wave. 


1206. Since the H.10 wave is the wave we most commonly use we shall be 
interested in the field patterms across the mouth of the guide and along its 
lengthe These patterns are shown in fig.1/7/7. The end view shows that we 
have a distribution of E that is a maximm at the centre and falis off sinus- 
oidally to zero at the top and bottom. This can be demonstrated by moving 
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the dipole-fitted pea-lamp across the end with the dipole held horizontally. 
This pattern would appear in any section along the guide lengthe The top 
view and side view are instantaneous views of the E and H distributions 
along the length of the guide in the horizontal and vertical longitudinal 
sections. These patterns travel along the guide when it is correctly 
matched to some load. If a mismatch exists there will be a stationary 
longitudinal pattern. Where the E vector has its maximum distribution 
across the guide walls in this stationary pattern there will be danger of 


flash-over. The minimum width i.c., minimm value of "all is fixed by this 


factor. 


1207. The subscript "1" in the name H.10 indicates that we have one half- 
wave E pattern across the longer dimension "b". The subscript "9" indicates 
that number of half-wave E patterns across the shorter dimension "a", Since 
there is no E pattern across "a", we usually drop the subscript "Oo" and 
merely speak of H.1 waves in the rectangular guide. : 


1208 If the guide dimensions are such that “b" lies between 7/2 and >» 
and "a" ig less than D/2 the Hel wave is the only type that can be propagated 
in the guide. The appearance of unwanted modes can be evented u 


this cuteoff or filtering property of waveguides. 


The H.1. Wave in the Circular Guide 





1209. If a launching probe is inserted along the diameter of 4 circular guide 
an H wave will appear in the guide. If radius is between Df3e42 and A/1. 64, 
where is the free space wavelength, we obtain the simplest H wave that can be 
produced in a circular guide. The E pattern across a section of the guide is 
shown in fige178(a). The travelling H pattern in a vertical section through 
the guide axis is shown in fig.178(b). The E distribution in the cross sectic 
would show the same sinusoidal fall in the value of the E vector as in the 
rectangular guide if tested with the dipole-fitted pea lamp held with the 
dipole horizontal. This wave is termed an H.1li wave when given its full name. 
It is usually called an H.i wave in a circular wave guide. It is worth noting 
that the pattern is very similar to the H.1 wave in a rectangular guide. It 
is the wave that calls for the smallest circular guide. A circular guide 
can therefore be made large enough to s the H.1 wave but no other form of 
wave whatever. For this reason, as well as the saving in material, the H.1 
wave is usually used in circular guides umless other considerations call for 


a different wave type. 


1210. If a dipole-fitted pea~lamp is inserted along the axis of a circular 


guide passing an H.1] wave, or a rectangular guide passing an 1.10 wave, no 
glow will appear. This indicates that there is no axiel or longitudinal E 


component in these waves. 


The Eo Wave in a Circular Guide 





12711. If a laumching probe is inserted along the axis of a circular guide 

an E wave will be set up. If the guide radius lies between »/2.61 and>/1.6 
the BE wave obtained will have field patterns as shown in fige179. In this 
case we have a radial E vector which is symmetric in the cross-section but 
always in antiphase along opposite sides of the same diameter. There is also 
a travelling E component along the guide axise If the dipole-fitted pea lamp 
ig inserted along the axis the lamp will glow. If the guide is properly 
terminated the glow will be wmiform along the axise If standing waves are 
present, the glow will vary in intensity as the lamp is moved, keeping the 
dipole parallel to the axis. 


1212. The H vector distribution in the cross-section appears in the form of 
concentric circles whose density diminishes from the centre toward the circum 
ference. If the pea-lamp detector is moved along a radius with the dipole 
parallel to the longitudinal axis the intensity of the glow will fall 
sinusoidally from a maximun at the centre to zero at the circumference. 


1213. It shoulda be noted that the size of the guide required to pass the Ho 


wave is sufficiently large to permit passage of the H.l wave at the same time 
It will therefore be neces as a rule to provide some form of filter to 


eliminate the Hel wave when it is necessary to use the Lo wave in a circular 


_.  @¢«€ 5, 
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12l,. The Eo wave is mainly used in rotating waveguide joints where its 
circular symmetry with respect to the axis of rotation is an advantage, 
particularly if there is to be a bend beyond the rotating joint. 


Wavelengths in Guides 


1215. Wavelengths of guided waves are longer than in free space. In the 
TRe 3555 series transmitter unit the 3.2 cme radiation in the form of the 
Hel wave has a wavelength of 4.14 cms, in the rectangular guide, and a wave~ 


length of 5.95 cms. in the circular guide. 
Wave Impedance of Guides 


1216. The term applied to waveguides which corresponds to the characteristic 
impedance of a transnission line is wave impedance. For a loss-free guide 
the wave impedance is a pure resistance. The value of this wave impedance 
depends on:= 





Whether the guide is circular or rectangular, and its dimensions. 
Frequency used. | 

Whether H wave or E wave. 

Kind of H or E wave. 


fr Oo o& f& 


In a circular waveguide the lowest impedance is about 350 ohms. Ina 
rectangular waveguide the impedance may take any value depending on the ratio 
of the two dimensions. The value is proportional to the narrow dimension. 
ror a fixed wide dimension and a fixed frequency, the impedance may be varied 
between o and about 465 ohuas by varying the narrow dimension. 


Waveguide Matching Problems 


1217. When using waveguides as transanission lines the following mtching 
problems arise;:- 


Watching a generator to a guide. 

Matching different sections of guide to each other. 

Matching a guide to a load. 

Matching out the reactance introduced by any form of discontinuity. 


m6 Of 


1218 The primary radar applications coming under (a) will be the question of 
matching an oscillator of the magnetron or klystron type to a guide. 


1219, Under (b) we shall come up against the problem of establishing matches 
where it is necessary to change from rectangular to circular guides and vice 
versa. These problems arise in the H.2.S. Mark IIIA transmitter unit and in 


the scanners 


1220. Under (c) the chief applications are matching a guide to a mixer and 
matching a guide to free space. The latter problem arises when we use the 

mouth of a waveguide as a radiator. As the guide is supplying power to free 
space we must consider free space as constituting a load. This load is 3/7 


ohms resistance provided there are no capacitive effects due to adjacent 


surfaces which introduce reactance. 


1221, Under discontinuities we must consider such things as breaks in the 

guide walls, sharp bends, branch lines, and obstacles of any description such as 
filters, etc. Where such discontinuities occur there will be reflections. 

As in transmission lines we may regard any such reflection as due to 4 

reactance in parallel with the guide. 


How to Tell When Matching Is Achieved 


1222, A generator will be matched t. u qiide or a load when the maximun 
power is taken from the generator, 


1223, A guide will be matched to a load when there is no standing wave on 
the guide. 
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122. Sections of guide will be matched if there are no standing waves 
on the guide. 


1225. In the case of a transmitter the best match to the guide will be foun 
when the matching adjustments cause the maximum power output to appear at the 
radiating end of the guide or in some load inserted in the guide. 


The Fundamental Problem of Matching a Generator to a Guide 
1226. This problem is the same as in the case of the transmission line:~ 
(a) The wave impedance of the guide must be transformed to be 
equal to the resistive impedance of the generator. 


(b) Any reactive component in the output impedance of the generator 
must be matched out by means of an equal and opposite reactance. 


Matchi a etron Lawumchi Probe to a Guide 


1227. When the output probe of a magnetron is introduced into a guide at 

right angles to the longitudinal guide axis to launch an H.1 wave, the probe 

is operating as a dipole radiating element. The energy radiated makes the 
probe show a radiation resistance. The more energy actually radiated the 
greater will be this radiation resistance. The problem of matching for macuma 
output into the guide then becomes a matter of making this radiation resistance 
match the wave impedance of the guide. According to a mathematical development 
by Slater this radiation resistance can be varied by means of a moveable 
piston behind the probe. ‘This corresponds to varying the distance of a 
reflector behind a dipole in an ordinary aerial array. The position of the 
reflector will modify the radiation resistance of the aerial. This type of 
matching adjustment is used in the TR.3555 series of transmitter units. 


1228. If a dipole is sufficiently close to other surfaces to show capacitive 
effects it also shows a reactive component in its impedance which should be 
“matched out. In the same way the presence of the guide walls makes a launching 
probe show a reactive component which should be matched out. We may think 

of this reactive component as alternately pushing power out and getting it 

back in the same way as when an alternator feeds a transformer on no load. 

If we can introduce a reflected wave that is equal in amplitude and opposite 

in phase we can eliminate the reflection due to a reactive component. This is 
done in the older TR.3555 units by means of an adjustable quarter wave matching 
iris. This iris is merely an adjustable guide section of snaller diameter 
inside the main guide. The inside diameter of this iris must, of course, be 
greater than the H.1 cut off dimension. By sliding this iris the reactive 
component is matched oute The two adjustments are not independent since the 
position of the piston relative to the probe varies the reactive component 

to be matched out. Alternative adjustments are therefore required until the 


maximum power is fed down the guide. 


1229 In later TR.3555 units, the matching device consists of an adjustable 
carriage which moves two silica rods projecting into the guide. These silica 
rods are separated by a quarter wavelength and the distance they project into 
the guide is variable. By varying the distance the rods project into the 

guide a reflected wave of any amplitude can be set upe By varying the position 
of the carriage relative to the probe the phase of this reflected wave can be 
varied. By using the two adjustments a reflected wave can ‘be introduced which 
is equal in amplitude and opposite in phase to that appearing between the 

probe and the fixed end of the guide due to both resistive and reactive mis- 
match factors. Hence a match is obtainable. 


Matching Guide Sections to Each Other 


1230. Where a guide section of one wave impedance is joined to a guide 

section of another wave impedance we have reflection without power absorption, 
iee., we have a reactance. Matching out thia reactance is done by introducing 
something that causes a reflected wave of the same amplitude but opposite phase. 
Any form of obstacle or discontinuity will introduce some reactance. If it 

és resistive it will also absorb power and cause losses. What we wish to 


FIG.L8I . 













(b). 
INDUCTIVE IRIS FoR H, WAVE CAPACITIVE {RIS FoR He WAVE 
IN RECTANGULAR GUIDE Im RECTANGULAR GiVIPE 
oi SUPPORTING 
4 VY UM WIRES. 
(c) (a) yy i 
¢ y 
INDUCTIVE IRIS FoR Hy, 0k CAPACITIVE IRIS FoR th OR 
CAPACITIVE IRIS FoR Eo Wave INOUCTIVE IRIS FoR Eo WAVE 
Im CiRCULAR Guide Im CIR CULAR Guide 
BENDS IN) WAVEGUIDES F | G | 8 ? 
(a) 


Fon d+ 2D oR GREATER 
NO REFLECTION OCCURS 
if E VECTOR NORMAL To 
OR IN PLANE OF SEND. 


fOLARISATION  SluFTE? F | G.| 8 3 


/ 


GREATER THAN 7> 


F, br 
. 
mae | 
A) 
md 
ra 
ty + 
TZ if 
* 
F 
Pa 





CeDe 0896L 


achieve is reflections without loss of power. A screw tapped into a guide 
wall so as to cut the travelling magnetic field will serve to introduce a 
reactance. Plates inserted through the guide wall will achieve the same 
resulte If they cut across a travelling transverse E vector they act as 
capacitive reactances. If they are across the path of the travelling H 
vector they act as inductances, Such reactive diaphragms are called irises. 
Types for both circular and rectangular guides are shown in fig.181. 


Filters as Reactances 


1231. Where a guide dimension is sufficiently large to pass more than one 
mode or wave pattern it is necessary to introduce filters. This may be rings 
or diaphragms that reduce the guide dimensions below the cut-off for the 
unwanted wave while permitting the flow of the wanted wave. Since such 
obstacles are discontinuities they will introduce reflections. By inserting 
two separated by an odd number of quarter wavelengths, the second reflected 
wave will have travelled an additional odd number of half-wavelengths (from 
lst and 2nd filter and back). The two waves will then be in antiphase so will 


cancel out. 


Matching out the Reactance Due to Bends 


1232, Where a sharp bend occurs there is a tendency for part of the wave to 
reflect back along the path already traversed and then return and partially 
cancel out the wave passing directly into the second guide section. To annul 
the effect of this reflected wave, a shorted extension may be introduced at 
the bend which will also introduce a reflected wave. Py correctly choosing 
the length of this shorted section the phase of its reflection will be such 

as to cancel the other reflection. Alternatively, some form of iris diaphragm 


arrangement may be employed. 


Design of Bends to Avoid Reflections 


1233. The introduction of fixed matching adjustments for bend reflections 
is frequency sensitive so it is preferable, where possible, to design bends 
that will not produce reflectionse These methods involve either the use of 
inclined corner plates as shown in fig.132(a), or rounded bends whose radius 
of curvature is large in comparison with a wavelength. The rounded bench is 
used in the feed to the mirror of the scanner type 63 and 71. ‘The inclined 
plate is used in the TR.3555 transmitter unit series at the junction of the 
circular and rectangular guides. The perpendicular from the inner side. of the 
bend on the corner plate should equal or exceed the narrow dimension of the 
guide. If this condition is fulfilled no reflection occurs when the 
yector is perpendicular to or in the plane of the bend, The Eo wave is 


undisturbed by bends since the transverse © vector is radial. 
Matching a Guide to Free Space 


1234. If a circular or rectangular guide is left open at the output end 

it will not show complete reflection as in the case of the openecircuited 
line. Some energy will be radiated and some will be reflected. A waveguide 
cen therefore be used as 2a radiator, but unless some form of matching is 
used, the reflections will set up standing waves in the guide. To minimise 
such standing waves the impedance of the guide is altered gradually by 
flaring out the guide mouth in the form of a horn. By suitably choosing the 
horm dimensions a reasonable freedom from reflections is attainable. 


The Waveguide as a Radiator 


1235. The shape of the beam radiated from the horn termination of a wave- 
guide will depend on the horn designe Some patterns produced by horn 
terminations are shown in fig.134. Im the case of the H.2.5. scanners the 
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horn is used to radiate into the paraboloid mirror to obtain a much sharper 
beam than could be obtained with the horn alone. It will be noted that the 
beam has its minimum width in the plane at right angles to the plane of 
polarisation. The paraboloid mirror serves to produce a 909 rotation to 


give us a narrow beam in the horizontal plane with horizontal polarisation. 


Polarisation Shifting 


1236, In many cases it is necessary to twist a guide in order to bring the 
horn. termination into the position which gives the desired polarisation for 
feeding a scanner. This can be done without introducing appreciable reflections 


if the twist is gradual. 


Rotating Joints and Waveguide Transformers 


1237. In the H.2.-S. scanners type 65 and 71, a waveguide feed is employed. 
One part must rotate with the scanner but the other section must remain 
stationary. To keep the two sections opposite each other, a circular guide 
must be used for the rotating joint. Furthermore, to prevent reflections due 
to distortion a’ the field pattern by the rotation, it is necessary to use the 
Eo wave in this circular section because of the symmetry of the pattern about 
the axis of rotation. We shall, however, want en H.1 wave again to obtain a 
horizontally polarised beam, and we also feed an H.1. wave to the scanner. We 
are thus faced with the problem of transforming the Hel wave to an Eo and the 
Eo back to the Hol. The basic details of the transformations are shown in 
fige185. The Hel. wave is brought into the circular guide with a vertical 
polarisation. Since the circular guide is in the vertical plane, the E vector 
is along the guide axis. The wave is then transformed partly inte the Eo wave 
and partly into the Hel circular or H.1]1 form which will exist on a circular 
guide smaller than that required for an Eo wave. Suitable filters are inserted 
to remove the H.11 wave. <A fixed matching section is used at the junction to 


match out the bend reactance, 


1238. At the other end the procedure is exactly reversed. The rectangular 
guide taps into the circular guide at right angles to the longitudinal axis of 
the circular guide. The axial E components of the Eo wave then appears across 
the narrow dimension of the rectangular guide and an Ill wave is set up in the 
rectangular guide. A suitable matching section is incorporated at the junction. 


1239. The two circular sections are separated by a gap 1 mm, wide. This is 
so narrow that the escape of energy is negligible. 


Vibration Joints 


1240e To allow for vibration or tolerances in the size of components it may 
be necessary to breek guide sections. Such breaks constitute possible sources 
of loss due to radiation. To prevent such losses we must effectively close 
the gap while leaving it physically in existence. This can be done by fitting 
flanges and cutting ditches a quarter wavelength deep at right angles to the 

E vector and a quarter wavelength from the guide wall as shown in fig.1&. 

The RF. currents flowing in the upper flange beyond the ditch will be a half 
wavelength out of phase with those beyond the ditch in the lower flange. This 
follows gince the currents in the lower flange had to flow down one wall of the 
diteh and up the other, i.e., a path of an extra half wavelength. The fields 
therefore neutralise beyond the ditch and there is no escape of energy. The 
arrangement therefore acts like an R.F. choke. When the primary purpose of the 
joint is to allow for tolerances in the dimensions of components the term “choke 
joint"is commonly used to designate this type of joint. 


Resonant Irises 


1241e We noted in para.1230 that the metal diaphragms placed across guide 

walls could act as either condensers or inductances in parallel with the guide, 
4.€., in parallel with the resistive wave impedance of the guide. This suggests 
that if we suitably combined the two types we could produce a resonant 

circuit across the guides Such a combined iris then gives us a resonant iris. 
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The CV.115 used in the TRe3555 series transmitter units is an application of 
this principle. When set into violent oscillation by the transmitter pulse 
the voltage across the slot becomes so great that the argon filling flashes 
over and the slot becomes a conducting path which effectively seais the 
guide wall. 


1242. When there is no ionisation the iris acts like a very high impedance 
rejector circuit in parallel with the relatively low resistive impedance of 
the guide. There is then no loss of power in the iris and the result is the 


same as if the iris were not present. 


1243. Another form of the resonant iris for circular guides is shown in 
figel86. Such an iris of the correct dimensions has no effect on the flow 
of energy if the supports for the centre section are perpendicular to the 
transverse E vector. As both metallic portions act as reflectors it must 

be the gap which is passing the energy. Hence, if we insert a metal ring of 
the same dimensions as the gap with its supports parallel to the transverse 
E vector, it will coupletely reflect H.1 waves. In the case of Eo waves the 
transverse E component is radial so it is always perpendicular to the ring so 
the Eo wave will not be affected. 


The Ring Filter 


1244. This property is employed to separate the Hell (Hel) wave fron the 
Eo wave in the rotating joint used in the scanner type 71. Filter rings of 
the correct dimensions are mounted on trolitul supports in the two circular 
sections of the rotating joint. 


Ring Switches 


1245. If provision is made to throw such a blocking ring across the guide 
when it is desired to effectively seal off the guide, and to drop the ring so 
it lies along the guide axis when the guide is.to be opened, we have a wave- 
guide power switch, Such an arrangement is used in the TS.205 input switch. 


1246. Another application of the same principle is in aerial switching. 


Waveguides as Resonant Cavities 


1247. The radar mechanic will be familiar with the acoustic resonance that 

can be set up in tubes and other cavities. Similar resonance properties 

appear in sections of waveguide. A familiar example is the mixer cavity used 
in the TR.3555 transmitter units. Less obvious examples are the resonant 
cavity to the Klystron and the soft rhumbatron. These cavities are effectively 
distorted shorted half wavelength guide sections. [Echo boxes constitute 
another application of the waveguide as a resonant cavity. If a calibrated 
moveable piston is fitted, an echo box can be used as a wavemeters 


i ge A ee Ris 


Sealing off Branch Lines 


1248. In cowmon T, and Re working, it is necessary to seal off the received 

branch line while the transmitter pulsese This can be achieved by putting a 
short across the branch line any integral nwaber of half wavelengths froia the 

junctions When such a short is introduced the wave passing into the branch 

line reflects back into the main guide. It will have travelled an integral 

number of wavelengths so will be in phase with the direct wave in the main line 

and will not therefore cause any interference or standing waves. The effect 

is then the same as if branch line were completely sealed off. To introduce 

such a short it is possible to use either a resonant iris type of valve like 

the CV.115 or a resonant cavity type like the CV.11). In either case, resonance 

results in ionisation and an effective short at some integral nuwaber of half 

wavelengths from the guide. The shorted half wavelength of waveguide thus 

serves the same purpose as the shorted quarter wave stub in transmission lines. 


Coupling Into and Out of Resonant Cavities 
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1250. In the case of loop coupling, the tightness of coupling can be 

varied by moving the loop away from the position where the concentration of 
magnetic flux is a maximun hy rotating the plane of the loop, by chenging its 
size or placing a shield around part of it to effectively short it out. 


1251. In the case of probe coupling, the coupling can be varied by varying 
the distance the probe projects into the field, the angle relative to the E 
vector, or the position of the loop relative to the part of the field where 
the E vector has its maximum value. 


Effectively Sealing off the Transmitter for Retumed Signals 


1252. The common T. and R. problem of preventing loss of returned signal 

power due to a flow into the transmitter channel arises in waveguide systems 

as in transmission line systems. ‘Ine problem may be viewed as a matter of 
interfering waves. The incoming signal divides at the jumetion, part going 
into the receiver channel and part into the transmitter channel, At the end 

of the transmitter channel reflection occurs and the wave returns to reach the 
junction in some phase that depends on the length of path. If this length 
were such that the reflected signal would be in phase with the direct signal 

as it passes into the receiver line, no adjustment would be required, Normally, 
this is not the case and interference occurs to reduce the effective input to 
the receiver channel. To eliminate this difficulty provision is made to 
introduce another reflected wave to cancel out the wave which passes into the 
transmitter channel. This calls for a second branch line of adjustable length 
so that the phase of the deliberately introduced reflection can be controlled. 
This is the function of the anti-T.R. chamber in the TR. 3555 series transmitter 
wiits. Details are discussed in Chapter 5. 


Duagy Loads for Waveguides 


1253. In experimental or test work it is sometimes necessary to have a 
non=reflecting, iees, a resistive termination, to absorb the R.F. power in 
awaveguide. For this purpose, various types of dunmy load are used. One 
type used in rectangular guides is a fish-tail cut in piece of woodek For 
circular guides, a wooden cone may be used. Such terminations serve to break 
up the wave front and the whole energy is used to heat the duany load. Other 
forms of dummy load use resistive plates or resistive irises which absorb the 


RF. power. 


C. De O896L 


CHAPTER 14 = LUCERO 


Outline of the Lucero System 


12544 The l}2eS. installations as used in Banber Command are designed to 
provide for the inclusion of the Mark II Iucero interrogator system whenever 
this may be desirablee The additional items required are i~ 


(a) The main Lucero unit - TR.3160 or TRe3160A (Mark IIc) or 
TR 3566 (Mark IIIA) 
The push-button contro] unit - Type 222A 
The TR. beacon aerial system - Type 184 (port and starboard) 
The BABS receiving aerial - Type 308 
Aerial change-over switch ~- Type 784A 


on0 oe 


The Lucero unit contains a push-pull lecher-line tranmitter. If 
the Lucero switch on the switch unit is set to B + H, B or BA, this transmitter 
is indirectly triggered from the 20 microsecom pulse from one of the violet 
Pye plugs on the modulator 644 The pulse is applied to a counting down circuit 
(or frequency divider stage) which divides by 3 to develop a 5 microsecond 
modulating pulse on the back edge of every third 20 microsecom pulse. The 
Lucero transmitter is thus operated in synchroniam with the H,2.S. transmitter 
but only on a perefe of adout 220. The 5 microsecord pulse, radiated fron 
vertical type 18) port and starboard aerials, can be used to trigger any one 
of the following :- 


(a) Lucero blind approach (BABS) runway beacons 
b) Long range responder beacons 

3 light portable beacons of the Eureka type 

ad Mark ItI I. F. FP. sets 


1255. ‘The triggered equipment re-transnits and after a time determined by 
its range from the aircraft, the response is received on the same aerial as 
was used for transmission. The system thus is of the common T. and Re type. 
The received signals are fed to a switch motor which connects the aerials 
alternately to the receiver section of the Lucero unit at a changeover rate 
of 40 times per second, These switched signals pass through one stege cf R.Pe 
euplification and are fed into a mixer along with an LO, signal whose 
frequency is such as to give an I.F. output at the same frequency as that 
vsed in the He2eSe installation. The I.F. signal passes through one stage 

of LF, emplification and is then delivered to a brown Pye plug on the 


Lucero panel. 


1256. Prom the brown Pye plug on the Lucero unit the LF, output is taken 
to the brown Pye plug on the He2eS receiver~timing unit and thence into the 
LF. stripe If the Lucero awitch on the switch unit is set to BE +H, HT. 
will be applied to the He2eS head amplifier and the 20S. signals will 
simultaneously be applied to the LF, strip via the green Pye pluge The 
receiver output valve will then deliver to the receiver-timing umt mixer 
stage the He 2.S. signals, the responses fron the Lucero-triggered equipment, 
and the heading or track marker. If the Iucero switch is set to "B", the 
HT. supply to the head amplifier is cut off and only Lucero signals are fed 
into the IeFeatripe If the control unit type 222A is not fitted and a 
4umper socket is fitted to the 16-way plug on the Lucero panel, the 1,0, and 
mixer frequency will be changed automatically (see paras 1264) to receive 
responses from BABS runway beacons if’ the Lucero switch is set to BA. If 
the control unit type 222A is fitted, the appropriate push-buttons are used 
to make this change-overe The range marker is added in the receiver-timing 
unit mixer whose output goes via the slate Pye plug to the waveform generators 
The signals are fed from the slate Pye plug to the red Pye plug via a 
condenser and thence to the red Pye plug on Lucerme 
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1257. The input at the red Pye plug on Lucero is fed back into the switch 
motor which feeds the signels alternately to the yellow am orange plugse 


1258 The outputs from the yellow and orange Pye plugs on Lucero are 
applied to the corresponding plugs on the indicator 18, and thence to the 
grids of the height tube paraphase emplifier valvese Since the signals 
appear alternately on opposite grids the height tube display now becomes 
double-sided, The noise and range marker will appear as deflections to 
both right and left. Homing beacon responses will likewise appear as wide 
double-sided blipse Their distance up the tube will be a measure of the 
range which can be measured with the range marker and the range control. 
The relative amplitudes of the two sides will indicate whether the beacon 
is to port,. starboard or dead abead, This is possible because the switch 
motor operation is such that signale picked up on the port aerial appear 
as Geflections to the left on the height tube while signals picked up an. 
the starboard aerial appear as deflections to the right. With a symmetric 
polar diagram the two deflections will be of equal emplitude if the beacon 
is dead aheads If a blip gives a larger deflection to the left the port 
aeriel is receiving a stronger signal than the starboard aerial which is 
partly shielded by the aircrafte The beacon must then be to port By 
altering course until the amplitudes become equal it is possible to home 
on the beacon Different beacons can be identified by having then radiate 
their responses 30 as to give the visual impression of a morse signel on 


the height tube. 


1259. When the lucero switch on the switch unit is set to B + H, B or BA, 
a relay is energised in the Lucero unit which disconnects the white Pye plug 
from the yellow one and thus cuts off the height marker fran the height tube. 


Lucero and Blind Approach 


1260. Lucero blind epproach (BABS) rumway beacons can be used in 
conjunction with Lucero to assist aircraft in making runway approaches in 
conditions of bad visibility. If the aircraft carries same form of absolute 
altimeter such as the AYP. to give accurate height indications, lendings 
can be made under bad operating conditions. Lucero + BABS alone, however, 
can only give the range and runway direction The BABS trensmitter when 
triggered by Lucero, feeds equal signals alternately to two directional 
aerials which provide two broad, diverging beams of rediatiom One aerial 
radiates a 1,2 microsecond pulse while the other is arranged to radiate a 5 
microsecond pulse. The aerials are switched so that each is connected 50% | 
of the time and the switching ‘rate is 20 changeovers per second i.e. half 
the airborne ewitching frequency. The height tube display will then show a 
narrow blip inside a broad one, the two having a common base linee 


1261, Due to propeller modulation these blips may show flickering tips, 
if the port and starboard beacon aerials are used to provide a double-sided 
aisplay. Since great steadiness is required for accurate lining up of the 
tips of the two blips it is unsatisfactory to use the homing aerials for 
blind approach purposes. <A third aerial is therefore fitted which can be 
connected to one side of the switch motor by means of an aerial change-over 
switch As signels are then applied to only one side of the switch motor a 
single-sided display is obtained on the height tube. 


1262, The Lucero blind approach (BABS) beacon is located at the erm of the 
rumumay in usée When properly aligned, the lobes from the two beacon aerials 
will overlap just down the centre of the runway If the aircraft is : 
approaching atraight down the centre, ie@e, in the equisignal region, the 
BABS aerial will receive equal sirength signals from both beacon transmissions 
The amplitudes of the wide and narrow blips on the height tube display will 
then be equal m their tips will therefore coincide. If the aircraft ia to 
either side of the runway the one blip will be wider than the other. In 
making an approach it is then necessary to alter course until the tipa of the 
two blips coincide when the aircraft will be flying straight down the centre 


of the runwaye 
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1263. The range of the beacon can be determined by means of the range 
controle An imiication of height is given by the height marker. For 
accurate imications at low altitudes some form of absolute altimeter is 
required. Some form of glide path indicator may also be employed to give 
the correct angle of descent from a“known height at a known range. 


1264.6 To eliminate ground returns as much as possible the BABS signals are 
tranamitted on a frequency differing from that of the transmitted signal by 
several megacycles, Different tuned circuits are therefore required in the 
Lucero receiver section. The changeover can be made by means of the 
appropriate push-buttons on the control unit type 2224. If the C.U.222a 

is mt fitted only two of the four possible receiver channels and one of the 
trensmitter channels are usable, As normally connected up these are the 
Coastal Command frequencies 177 Mes and 173 Mes for reception ani 176 Mes 
for transmission In Bamber aircraft the Control Unit will always be used. 
In Coastal aireraft the change is effected, as with Lucero MKI, by changing 
from either the H + B or the B switch position, to the BA position 


Multiple Band Facilities 


12656 The Lucero transmitter is tuned by means of a series of four 
condensers mounted on a motomdriven mechaniam called a turret. The RI 
amplifier and local oscillator in the Lucero receiver section have four 
preset tuning circuits which also are mounted on motor-driven turrets. 

The 4 condensers for the transmitter tuning and the inductances in the 
receiver tuned circuits provide frequency coverages as listed in the table 
below. The table also gives the push-buttons on the control unit to bring 
these channels into operation 








Push-Button Transmit Receive 
A 171-181 Mc/s 171-181 Mc/s 
B 212-226 Mc/s 168. 5-178 5 Mc/s 
C 222~236 Mc/s 210~228 Mc/s 
D 222~236 Mc/s 220-238 Mc/s 
E Inoperative Inoperative 


1266. (a) The A buttons are intended to cover the 176 Mc/s homing beacon 
channel and also to provide LF.F. interrogation 

(b) The combination of button A (transmit) and B (receive) is 
designed to take care of the 176/173.5 Mc/s BABS channel. 

(c) The various available combinations of B, C and D (transmit) 
with C and D (receive) provide beacon and BABS channels on 
various conbinations of 214, 219, 224, 229 and 234 Mc/s. 

(4) The E buttons are inoperative. When either BE buttonis + 
accidentally pressed the frequency remains unchanged, 


The Incero E ent 


1267. Mark II Lucero is built on the "brick" or sub-assembly principle. 
Any particular Mark II Lucero will include the following sub-assenblies $= 


Chassis assembly 
Transmitter unit 
Receiving unit 
Waveform generator 
Power unit 

Switch unit 


mo Ao OF p 


These individual sub-sections will differ according to the requirements of the 
A.Rele installation into which the particular composite Mark II lucero unit 
is to be usede Differences arise mainly over the following points := 


a) Whether the aircraft supply is 12 or 24Ve 
b) Whether the AR Ie intermediate frequency is 14.5 


Mc/s., 30 Mc/s., or 45 Mo/se 


C0.0896 L 


FRONT 






NOTE. Tags not used are 
not © shown. 





xk ce re a 


IF. OUTPUT PLUG 
WHITE 





SWITCH 
UNIT 












LEAD 




























































SELECTOR 
MOTOR 24V.D.C. MARKINGS 
PIN #0 GN 16 | 
way ‘Ww PLUG 3 sass 
EARTU ROWN 
DET. YELLOW 
6-3V. TR SIGO | BANO 
ial PACTS 
+250V. Bx SUPP CON BLUE 
| Rx. SUPPN 
OUTPUT GREEN 
MOO_PRIVER YELLOW 
PRE 
VIOLET PLUG BROWN 
LEE SUPP" 19 
YELLOW BLACK PLUG BLACK 
WAVEFORM RECEIVER 
GENERATOR UNLT 
Tx, QOUTPVT 
PLUG 
EARTH BROWN 
G-3V apa: YELLOW 
+250 V CONTACTS -- GREEN 
BLUE 
@ov. 2000 
INPUT Pin 5S ON ig 
. WAY “W* PLUG 
INPUT TO SELECTOR BROWN 
RELAY ‘C'. MOTOR, 24V. D.C. 
CONTACTS BROWN 
multe INSULATED 
ENERGISING -2Uz2 KY. vee 


CURRENT RELAY “C’ 
| €.4.7, OUTPUT 
~ 22 KN. 
POWER 
UNIT 
















TRANSMITTER 
UNIT CONNECTIONS. FOR LOOSE LEADS 
ON CONTACT STRIPS FR ANO FT 


BACK _ 


CHASSIS CONNECTIONS 
(T R.3IGO, TR.3566) | 


FIGIOI FIGS 


C, De O896L 


te RF. coverage demanded of the receiver 
a} Re coverage demamied of the transmitter 


1268 Bomber Command requirements are tabulated below := 





Constituents 


Unit Ref. Noe sis : rower SW 
Aceaat Tx-Unit Rx-Unit W.FG Unit Unit 

TR. 3160 108/868 Type 101 ‘Type 105 Type 159 Type Type Type 
for 1008/6100 10DB/6099 10nB/6098 30 532 115 
H. 2+ Se RF(171-178i0/s IF.13-5ic/s lOvB/ 10KB/ 10FB/ 
Mark $12 250ke/= 171-18iice/s 6007 6035 556 
TIC 2hv. 210-238ic/s 
TR. 3566 10pB/6348 Type 127 Type 127 Type 161 Type ‘Type Type 
for 1008/6545 10DB/6099 10pB/6106 30 532 5 


171-181Mc/s IF. 45 Me/s 1OVB/ 1OKB/ 10FB/ 


He 2+ Se asl , 
Mark 212~2364c/s RF(171~1BIMes GOO7 6035 556 
IITA 24V b310- 25ehe/s 


1269, 200 pre-production models are called TR. 31604, ref. 1008/6636. ‘These 
have minor differences in the chassis assembly, 13.5 Mc/s receiver, and 
trananitter, These sub-units carry type and reference mmbers as follows :- 


( Chassis Assembly Type 123 - Ref. 1008/5689 
(b) Receiver Unit Type 194  - Ref. 10DB/6688 
(c) Transnitter Unit Type 117 - Ref. 10DB/6690 


Wave Form Generator Type 30 (Fig. 197) 


1270. Performs the following functions :~ 


(a) Divides the repetition frequency of the 20 micro second input 
pulse fram the modulator 64 violet Pye by 5 to give an output 
of about 220c/s. 

(b) Generates the five microsecond modulating pulse for the 
transmitter at the counted down perefe | 

(c) Generates the "gating" waveform used to bring the receiver 
into operation for about 1300 microseconds after the 
termination of each transmitter pulse. 

(d) Develops a waveform suitable for suppressing & Mark IIT 
1.F.F. set in the same aircraft This suppression waveform 
will be at the counted down repetition rate. 


The Receiving Unit e 159 or 161 (Figse 201 ami 202 


1271. Has four stages as follows ;:= 


+ R Fe amplifier stage 

b) Local oscillator with four preset tuning circuits selected by 

the push-buttons on the control unit. The selected tuned 
circuit is connected into circuit by means of a motor-driven 
®turret" mechart,sam, 

c) Mixer stage 
I.F. amplifier stage at 13.5 Mc/s in type 159 and 45 Mc/s 

in type 161. 

(e) It also includes the selector drive unit and turret mechanian 

for switching the R.¥ amplifier and LO, tuned circuits. 


Tranmitter Unit e 10 + 200 
1272. Comprises the following stages :~ 


$5 Series modulator valve stage 
b}) Push-pull lecher line transmitter whose power output is 
about O.5KW. at perf. of about 220 arm pulse width of 
5 microseconds. 
(c) Also includes the tuning condenser turret and the 
selector drive unit. 
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Power Unit e 532 (Fig. 196 
1273e Includes the following :- 


(a) VU.120 half-wave rectifier -2.5 KV + (15% - 0%) 35 ma for the 
transmitter E.H.T. : 

(b) 524G full-wave rectifier 250 + 25V, 40 ma. for the HT. 
supply. 

(c) Heater supplies of " 2 + O.lVe, 2 mee, for the VU. 120 

: (ii) 5 + 0.25%.,2 ma, for the 5Z4G. 
(441) 6.3 + O.3Ve Sma, for other valves 

(ad) Relay C which is energised when the "“frans.-ON" switch on the 
control unit type 2224 is pressed after 2.8. is switched on 
at the switch unit 


Chassis Assembly Type 101 (Figs. 190 - 191) 


127 he The chassis assembly serves to connect the various units and to 
mount them. It also provides for the connections to the control unit type 
222A and to the H2.S. unitse B relay, which switches the signals to the 

red and orange plugs, is mounted on the chassis. The common T. and R links 
and their junction box are mounted on the chassis external to the transnitter 


and receiver sub-units. 
Switch Unit e115 (Pies. 204 and 20 


1275. This is the Lucero switch motor which connects the aerials alternately 
to the transmitter and receiver, and simultaneously switches the receiver 
output alternately to the two paraphase amplifier grids to get the two-sided | 
homing beacon presentation with port signals to the left and starboard signals 
to the right. The port and starboard aerials are connected direct to the 
switch which connects one or other of then to the transmitter and receiving 
unitsat a changeover rate of 40 times per second. Relay type contacts are 
used which are operated by cams and push rods. The cams are mounted on a 
canmon shaft rotating at 600 repem. and driven by a 6:1 reduction gear from 
the motor sheft which runs at 5,600 repem The output contacts on the 

switch overlap in angular duration of contact. The aerial changeover occurs 
during the output overlap to avoid undesirable effect on the height tube, 


1276. ™he switch unit section shows six Pye plugs on the front of the 
Lucero panel (fig.190), of which only the red/white and green/white are used. 
The red/white is connected to the port and the green/white to the starboard 


aerial. 


The Control Unit Type 222A (Fig.192) 


1277. (a) This unit houses the transmitter end receiver frequency selector 

push-buttons which serve to operate the selector drive units. 
The drive units rotate turret mechanisms to bring the desired 

, eomponents into circuits 

{(b) The unit also cerries the "Trans.-ON" switch This switch must 
be closed in order to energise C relay in the power unit type 
532 and connect the H.7T. supply to the W.P.G. type 30. Until 
this supply is completed no modulating pulse is developed from 
tke 20 microsecond input from the modulator 64 and the 
transmitter remains therefore inoperative. 


The Aerial Systen e 181 e 203 


127& $$ This serial sy$Stem comprises two vertical helf-wave dipoles, one on 
the port and one on the starboard side of the aircraft. The dipoles are 


provided with directors 
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The Aerial System Type 308 


1279¢ This is the aerial system used for receiving the runway beacon 
signalse A changeover switch ig used to disconnect the port and starboerd 
homing beacon aerials and to connect this aerial instead when 4 landing 
approach is being made to a runway with a BABS beacon The aerial is of 
the quarter wave type and is provided with a director The signal input 
is so applied as to obtein deflections to the right. 


The Common Te end Re System 


1280. To use the same aerials for both transmission ami reception, it is 
necessary to make the following arrangements t- 


$83 That the minimum of transmitter output gets into the receiver 

b) That the receiver is suppressed while the transmitter is 

pulsing to prevent overloading on transmitter breakthroughs 

(c) That the minimm of receiver signal power is lost into the 
transnitter. 


To meet the (a) and (oc) requirements as well as possible, the transmitter 
output lins and receiver input line are taken to a junction box (see figs 
3193) on the chassis assembly. From the junction box, a tranamitter output 
link goes to the switch motor which feeds the signal alternately to the two 
aerials, The returned signals picked up on the aerials come back on this 
link to the junction box and then pass to the receiver. The length of link 
from the transmitter to the junction box is so chosen that it looks like a 
high impedance stub to incoming signals which then go mainly to the receiver. 
The link from the junction box to the receiver imput is chosen to look like 
a relatively high impedance compared with the output path to the switch motor. 
The greater part of the transmitter output is thus applied to the serialse 


2281. To meet condition (b) a suitable receiver suppression waveform is 
developed in the waveform generator section of the TR 3160. 


Cabling Installation 


1282. The panel of the Mark II Iucero unit is shown in fige 190. Figs. 13 
ari 14 show how the TR. 3160 and control unit type 222A are fitted into the 
aircraft installation, 


The Iucero Circuit 


1283. (a) The TR 3160 circuit containing the sub-units appropriate 
to H.2.S. Mark IIc is given in fige 195. 
(b) For He2.Se Mark IIJA the receiver unit type 159 must be 
replaced by type 161. The type 161 circuit is shown in 
| fige 202. 
({c) The control unit type 222A is show in figel92. 


Power Switchi 


1284. To appreciate bow the Lucero switch on the switch unit 207 B and the 
"Trans. ON and "Main ON" switches on the control unit type 222A are 
interrelated it is necessary to study fige 194. When H2-Se is switched on, 
+ 24N. is applied to pin 7 and ~24V. to pin 8 of the Lucero l2-waye Pin 8 
applies -24V. to one side of both B and C relays and the switch motor, -2hV. 
is also applied to one side of the control unit push buttons via 18/13 and 
one side of the "Trans. ON" switch via relay C and 18/15 of the 10-way from 
Lucero to the control wit 2224 


1285. The +24V. line comes in on pin 7 of the Lucero l2-way to one of the 
contects (B/1) on B relay. This line is also comected to the Lucero switch 


on the switch unit. 
128, Contacts B + H and B on the Iucero switch are strapped and linked to 
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the other side of B relay via pin 9 of the lucero l2=way. The BA contact on 
the Lucero switch is returned to pin 10 of the Lucero 12=way and thence to 
another winding on relay Be Hence, when the Lucero switch is set to B + H, 
Bor BA, relay B is energised. If the Lucero switch is set to "OFF" the DC. 
supply to relay B is not campleted. The changeover contacts, B/3 and B/k, 
shown in the upper right-hand corner of fige193, then connect the red Pye to 
the orange and the white to the yellow. The nomnmal H.2%S. presentation is 
then obtained. As soon as B relay is energised by setting the Iucero switch 
to any of the other three positions the contacts change over. The red Pye is 
then connected to the awitch motor which switches the output frou the 
receive timing unit mixer, V4ll, between the orange and yellow Pye plugs. 
Signals from the port aerial go to the yellow and signals from the starboard 
aerial to the orange Pye plugs» When B/4 changeover contact comects the 
yellow Pye plug to the switch motor the white Pye plug is floating and there 
is m height marker input to the height tube. 


1287. Referring now to figel9k, we note that when relsy B is energised, 
contact B/l connects + 24V. from 12/7 to FRe4 on the receiver and thence to 
the other side of the switch motor (see fige193)- 


1288,  B/l also connects +24V. via pin 14 of the 18-way to the control unit 
to “Trans. ON", “Main ON" and push-buttons. If the "Trans. ON" switch is 
closed, +24V¥. is connected to the other side of C relay which now becanes 


energised. 


1289. To appreciate the function of C relay we must first consider the SOY. 
A.Ce channel, This supply comes to TR 3160 on pins 4 ami 6 of the Lucero 
l2=way from the main junction box. From fig. 193 we see that 12/4 and 12/6 
feed to Pet and Pe5 and then to the power transfomer in the power unit type 
532, The 250Ve ET. and -2.5KVe BHT. supplies are then developed, The 
+250Ve passes via Pe3 and B/2 to the receiver which now becomes operatives 
The ~2.5KVe supply passes via P10 to T.8 and the CV. 73 modulator valve. 
Re7y Be9, Reb, RJ and RB2 form a bleeder between -2.5 KVe and earth, which 
holds the modulator cathode so positive to the grid that the modulator valve 
4s cut off until a positive modulating pulse is applied to the grid. This 
pulse comes from the anode of V.2 in the Lucero waveform generator via We5 
and Te4e But the HT. to the waveform generator is completed via relay C. 
Hence, until relay C is energised there is no HT, to the waveform generator 
and no modulating pulse. As soon as the “Trans. ON" switch is closed, the 
waveform generator develops the modulating pulse which renders the modulator 
valve conducting for 5 microseconds after the back edge of every third 20 
microsecond pulse applied via the violet Pye plug to the. grid of V.l in the 
waveform generator. 


1290. The heater supply for the CV. 63 transmitter valves is obtained from 
the isolating heater transformer in the transmitter umte The supply to the 
primary is obtained via T.2 aml Pc from the power unit transformer. This 
supply is campleted as soon as He2eSe igs switched om The transmitter is 
thus ready to go into operation as soon as the “Trans. ON" switch is closed 
to energise relay C amd bring the waveform generator into operation to 


develop the modulating pulse. 
1291. Summing up, we have the following major points := 


(a) When 2S. is switched on, the SOV. supply to the power 
unit is completed via 13/4 and 12/6 and +250Ve, -2.5KVe, 
and heater supplies are developed. The modulator valve is 
held biassed to cut off and the trammitter is inoperative. 

(b) The -24V. supply is completed to :- 

os One side of relays B and C via 12/8 

(i4) One side of the "Trans. ON" switch via C 

relay solencid ani 18/15 

(iii} One side of the switch motor. 

(c) The — supply is completed via 12/7 to the back contact 
of B 

(a) When the Lucero switch on the switch unit is set to B +H 
or B, the +24V¥. supply is completed to the other side of 
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relay B via 12/9 and relay B is energised with the 
following results i- 


(i) B/l closes and connects +24V¥. to the push 
buttons and the other side of the "Trans. 
ON" switch and puts +24V. on the switch 
motor via FRe 4. . 
(ii) B/2 closes and connects +250V¥. to the contact 
on relay G 

(444) 3B/3 changes over and connects the red Pye to 
the switch motor and via the switch motor to 
the orange Pye for signals fram the starboard 
aerial. 

(iv) B/% changes over (leaving the height marker 
floating) and connects the red Pye via the 
switch motor to the yellow Pye for signals 
fron the port aerial. 


The whole equipment is now ready to go into operation on homing beacons 
when the H.T, supply to the waveform generator is completed. 


(e) If the"frans. ON" switch is closed the 24V. supply to 
C relay solenoid is campleted and C relay is energised. 
The contact closes and puts H.T, on the wavefom 
generator which now develops the modulating pulse to 
bring the modulator valve and transmitter into operation 

(f) If the lucero switch is set to BA, the +24V. supply is 
completed to another winding on relay B via 12/10. This 
second winding is incorporated to permit use of independent 
jumper socket channels for automatic frequency selection 
by means of the Lucero switch for either homing beacons or 
blind approach beacons Its significance does not appear 
if the control unit type 2224 is used, In this case the 
appropriate frequency selection must be done by means of 
the push-buttons on the control unit. All the Lucero 
switch then does is to energise B relay, regardless of 
whether the B or BA position is used. The push. buttons 
determine the frequency selection 


Frequency Selection 


1292, The mechanical details of the selector drive unit mechanian are shown 
in figel95.e The essentials of the operation can be gathered from figelPde 
which shows what the conditions would be if both A push-buttons had been 
pressed, We note the following points :- 


a) <24V. ia applied to the pilot lemps via 12/8 and 18/14 

b) +24V. is applied via the lamps of the free buttons and the 
open contacts of these buttons to the 3-sector disc and 
thence to one side of the electromagnet solenoid, G 

(c) =-24¥. is applied via PI.9 and FR.5 to the other side of 
the electromagnets via the 5.D.M. contacts. 

(a) +24¥. is applied via 12/7, B/1 and 18/14 to the push~ 
buttons in series 

(e) The 24¥. supply is completed through the pilot lemps of 
the two closed buttons. 

(f) The +24¥. contacts fran the closed push-buttons to the 
sector discs are floatings 

(g) +24V. is connected via B/l to FI.8 and the F contact 
(normally open) of the transmitter selector drive unit. 
The corresponding connection to the receiver is nade 
via FR. 4. 

(h) The turrets will be so rotated as to put the A frequency 
condenser into circuit in the trangmitter and the A 
frequency tuned circuits into the R.F. amplifier and 


local oscillator in the receiver. 
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12936 Suppose that now button B is pressed for the tranmitter. The 
following events will occur it~ 


(a) The mechanical interlocking of the transmitter buttons will 
release the A button which will fall back into the open 
position, breaking the supply through the pilot lanp which 
goes oute =-24V. is now applied to the sector contact, Sa. 

iP The +24V. supply is connected to B lamp which now lights. 

The +24Ve supply is connected through B lamp, 16/2 and Preb 
to Sb, and thence through the sector disc to the one side 

of the solenoid. 

+ The electromagnet is energised and.attracts the amature, 

The movement of the armature rotates the ratchet, the ring D, 
the sector disc 5B and the turret. 

(f) The SDM. contact breaks ani the anvature flies back under 
the tension of the retractor spring to camplete the contact 
agein and give the ratchet another pulle 

(g) When the contact Sb slides off its sector, the +24V. line via 

| the sector disc is brokem, The channel is, however, completed 
via the F contact which will be out of its notch and completing 
the supply via FTe8 and B/l 

(h) Movement continues until F contact drops back into its notch 

wher Sb is opposite the blank section of B. There is then no 

further energising of the electromagnet and the turret is 
stationary with the B frequency condenser in the transmitter 
circuit. 


12946 The operation of the receiver push-buttons is identical. 


1295. If & button is pressed nothing happens as it has no connection to the 
sector disc, 


1296, The connections shown dotted in figel9h are made with a jumper socket 
fitted on the 18-way when the control unit is not used. Pins 1, 6 ani ll are 
strapped so that when the Iucero switch is set to B or B + H, the transnitter 
and receiver automatically tune to frequency A. Similarly pins 7 and 12 are 
strapped so that when the H.»2S. switch is in the BA position the transnitter 
renains on frequency A but the receiver tunes to frequency Be 


1297. Since the “Trans. ON" switch brings the transmitter on via C relay, 
it can be used as a morse key for cathode ray signalling with Lucero. If 

the jumper socket is fitted, pins 14 ami 15 of the 18-way are connected so 
that C relay is energised by B relaye The morse facility is then lost 

unless this strapping is broken and a morse key or switch fitted in its place. 
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The Power Umit Type 552 
1298. The cirevit is shown in fig.196 and mechanical details in fig. 208 


1299. ‘The following voltages should appear on the temminals, measured on 


Terminals Avometer Range Reading 
il to chassis Low ohns Zero ohms 
2 to chassis 12Ve ACe 6e3V (+ 0.3) 
3 to chassis 750V. DCe 250V. (+ 25) 
4 and 5 1L20Ve ACo O5Ve 


1300. The B.H,T. voltage at P.10 can be measured with an electrostatic 
voltmetere The reading should be -2.5KV. + 15% - O% 


1301, Care must be taken in checking the heater voltage of V.2 as the 
heater is 2.5KV. below earth, : 
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WAVEFORM GENERATOR 
FIG 197 


The Waveform Generator Type 30 


1302, (a) the euaits ip shown in figel97 and mechanical details in 
fige 206. 

b) Theoretical waveforms are shown in figel9® . 

c) Waveforms as observed on the monitor 28 are shown in figel99. 


The Counting-Down Circuit 


1303 #$ The Waveform Generator should count down, with stability, by two, 
three or four with an input of 670 per second recurrence frequency and three, 
four anl five at 1200 recurrence frequency. R5 is adjusted so that it counts 
down by three for a 670 recurrence frequency input. Vel (VR116) and half of 
Ve3 (VR54) perform the function of counting down. The 20 microsecond 40-50V. 
positive pulse fran the violet Pye plug is applied to Val grid through the 
time constant, C.1 R1, with a value of about 12,000 microseconds. The grid 
current flow into 0.1 during the pulse period develops an autoblas across R1 
that holds the valve cut off on the grid except during the pulse periods. 
When Vel goes into conduction the flow of anode current through T.1 primary 
causes point F to swing positive. ©C.2 (2025) then takes current through the 
diode, Ve3- On the back edge of the 20 microsecond pulse Vel cuts off due to 
grid current bias and point F swings negative and drives V.1 suppressor about 
120¥. below earth Anode current in V.1 is then cut off until the negative 
charge on C.2 can leak away through R.3 and R25 to HT. By adjusting R5, 
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the discharge period can be adjusted so that V.1 can only pass anode current 
on every third 20 microsecond pulse (peref. of 670). The counted down wave- 
form fran F at about 220 o/s is applied to the grids of both V.2 and Ved. 


130ke Re5, the Lucero peref. control, is a preset situated on the waveform 
generator chassis (see fig. 206). 


Transmitter Modulation Pulse 


1305. Ve2, a 6V6G high current tetrode, is used to develop the modulating 
pulses Its anode load is a permeability-tuned coil, Li, which resonates with 
its stray capacity at about 100 Ke/se <A half-cycle will then take 5 micro~ 
seconds: The input to V.2 grid is the counted down ring at the point F. 

This ring has a positive swing of 60-80 volts corresponding to every third 

20 microsecond pulse and a negative swing of 30-40 volts on the back edge of 
these pulses. The positive swings carry V.2 into heavy grid current which 
develops sufficient autobias to keep ¥.2 cut off between inputs. During the 
conducting periods energy is stored in the magnetic field of LJ. The 
negative overswing on the back edge of the input pulse serves to cut Ve2 off 
very sherplye V.2 anode potential then awings up several hundred volts as the 
magnetic field about Lo] collapses. 8.9 and R10 serve to demp the ring out 
so that only the first positive swing is of consequential oemplitude. fhe 
setting of the core of L.] determines the pulse width, The position of lel is 


shown in fige 206. : 


1306. The anode waveform is taken out on W.5 and applied to the grid of the 
modulating valve in the transmitter unit via T.4. 


The Receiver Suppression Waveform 


1307. It is desirable to have the receiver suppressed at all times except 

for a period of approximately 1500 microseconds commencing on the back edge of 
the transmitted pulse. We require, therefore, a 1500 microsecond sensitising 
waveform which begins on the back edge of the output at V.2 anode. This wave- 
form is developed by V.4. and the second half of V.3. It is applied to the grid 


of the local oscillator. 


1308 §§ Approximately one fifth of the amplitude at V.2 anode is tapped off 
noross R.9 and applied across ©.5 and Rll, When V.2 cuts off the positive 
swing applied to C.5 carries the diode into conduction and a positive voltage 
is developed across the cathode load, R12. This rise is applied to V4 grid 
via C.9 and swings Ve4. into grid current which charges C.9 negatively. When 
the modulating pulse at V2 anode collapses, the diode is cut off and the 
cathode potential falls fram around +40V. to OV. This fall is applied to V.4 
grid and carries the grid well below cut-off. The anode potential will then 
rise to HT, end will remain there until the charge of C.6 leaks away through 
R23. This leakaway period is of the order of 1300 microseconds so we have 

the desired 1500 microsecond positive pulse at Ve4 anode commencing on the back 
edge of the modulating pulse. ‘The anode output is tapped down across R16 and 
taken to Wel. via CoS Prom Ws, it is taken to Re} and the local oscillator 
grid (see fig.193)» The first such pulse carries the local oscillator into 
grid current and charges Ce8 negatively. On the back edge the local oscillator 
grid is carried below cut-off The effect ia then that the waveform is 
negatively D.C. restored at the local oscillator grid by grid current s0 

serves only to lift the grid to OV. for 1300 microseconds after the trans~- — 
mitter has pulsed and then takes it below cut-off until efter the next 


transmitter pulse. 


The I.F, F. Suppression Wavef orm 


1309. I.FF. suppression involves tw requirements i- 


(a) The LFF, set mst be rendered so insensitive during the 
transmitter pulse period that it cannot be triggered. 

(b) After the transnitter pulse has terminated, the sensitivity 
of the set must be kept down sufficiently to prevent it from 
radiating a anall enount of R.F. modulated at the quench 
frequenaye Such rediation would act as interference 
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These requirements call for a composite waveform with one part of duration 

at least equal to the pulse period and a second part of much sgnaller amplitude 
for the d@uration of the 1300 microsecom sensitive period. This result is 
achieved by utilising the counted down ring from FP on To] secomary and the 
positive-going 1300 microsecond waveform at V.4 anode which are applied to 


Ve5 grid 

1310. The positive swing at F when Vel cuts on puts a positive swing of 
about 50Ve on ¥e5 grid. This is followed by a small negative overswing which 
is of mo consequence as the large positive pulse fram V¥.5 cathode will have 
rendered the I.F,F. set inoperative in this period via the I.F.F. suppression 
stage. The positive 1300 microsecond wavefom fron Ve4 anode is tapped down 
across Rel7 and also applied to Ve5 grid to produce a corresponding 10 volt 
positive swing at Ve5 cathode. The composite suppression waveform, shown in 
figse 198 and 199, is taken to the yellow/black Pye from ¥.5 cathode for 
epplication to the suppression plug on the IL.F.F. sete A cathode follower 
output is used to permit matching to low impedance cable without distorting 


the waveshapes 





FIG 200 


The Tranmitter Unit Type 105 


1311. te Circuit details are shown in fige 200 
b) Mechanical details are shown in fige 209 


1312, The modulator valve, V.3, is a CVe73 beam tetrode. The push-pull 
oscilletor, Vel, V¥»2, employs CV.63 triodese The valves are connected as a 
series modulation circuit. The transmitter valve anodes are returned to earth 
through the lecher line. The cathodes are tied to the anode of the modulator 
valve. The 02.5KV. HT. from the lacero power unit comes in on Frl10 and 
develops its output voltage across the bleeder formed by Re7 (100K.), Red 
(100K, ), Red. (1M), RJ (1K), and R2 (47 ohms). This bleeder fixes the nom 
operating D.C. levels of the electrodes of Vet. ¥.3 grid is held mfficiently 
negative to the cathode to keep the valve cut off when no modulating pulse is 


epplied to the grid. 


1313. When the grid of V.3 is carried up with the positive-going modulating 
pulse applied via G1, W353 passes e current of about 1 amp. which is drawn 
from C3, the BHT, reservoir comienser in the power unite The 1 emp. of 
cathode current during the pulse period charges up C3 across the cathode load, 
R.7, and this effect added to the starding bleeder bias, holds V.3 grid about 
250V. negative to the cathode between modulating pulsese The effective E.HT. 
across the transmitter during the pulse period is about 2Ky, The remaining 
drop is across the bleeder and Ved. | 


3314 The frequency changing is done by mechanically changing the tuning 
condensers, Ce5, Cxo6, Ce7, Co8 across the lecher lines. These condensers can be 
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preset to desired values within their respective coverage bands. Operating 
the transmitter push-buttons on the control unit type 222A introduces the 
selected condenser through the mechanical action of the transnitter selector 
drive unit. 


1315 The transmitter valves have their anode and grid leads brought to the 
top of the bulb. ‘The anodes are connected to suitable lecher lines and the 
grids are strapped by a short flexible connection, This link serves as the 
grid inductance which combines with the arode-grid valve capecities to fom 
the grid tuned circuit. The cathodes are choke-fed from the modulator anode 
and are strapped to one side of the heaters. The chokes are provided to keep 
the R.Fe out of the modulator and heater circuits. Since high voltages exist 
at the cathodes the heater supply is insulated from earth by an isolating 
transformer. The seme transformer provides an insulated 4.2V. supply for VeJ5- 


1316. <A negative 5 microsecom pulse is available across 2 in the anode 
circuit of Vel and V.2. Its amplitude is about -50V. and it is fed out via 
T3e This pulse is not used in the circuit operation of the TR. 3160. 


1317e The RF pulse is coupled to the feeder system by a coupling loop on 
the anode lechers and is fed to the blue Pye plug on the underside of the 
transmitter unit. Thence it goes via the T-link to the chassis junction box 
and the switch motor for application to the aerials. The degree of coupling 
between the loop and anode lines is a compromise between the requirements of 
maximum power output and minimum change of frequercy with variations in aerial 
loading, This co'mling is fixed and no attempt should be made to change it. 
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FIG 201 


The Receiver Unit el Mark IIC 


1318 The circuit diagram is shown in fige 201 and the mechanical details 
in Pige 20 fe 


Lecal Oscillator 


13196 The LQ, valve is Vel, a VR91 strapped as a triode ina series fed 
Hartley circuite The four tuning inductances, Ie), ie10, Inli, Le12 are 
switched in mechanically by means of the push-button controlled selector drive 
unit mounted in the receiver. The receiver suppression waveform is brought in 
from the waveform generator on Re4 and applied to the grid across Rele AS 
pointed out in para. 1308, the wevefom is negatively D.C. restored by grid 
current and keeps Vel grid below cut-off for all but the desired 1300 micro- 


second conducting periods 


The R, Fe lifier 


1320. Ve2, a C¥e66 grounfed grid triode, serves 45 the R. Fe emplifiere 
The RF. input from the switch motor passes to the TRe junction box end thence 
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vie the receiver link to the black Pye input pluge The signel is applied via 
Ce3 and the imput coil, L.2 to Ve2 cathode. The grid is effectively carthed 
for RF. by means of the condensers C.6, C.7, Cei3, Col4. The anode circuit is 
tuned by the turret-mounted inductances, L.13, L14, 15 and 16. These can 
be preset to selected spot frequencies within their respective bands by 
adjustable brass eddy-current tuning slugs. 


The Mixer 


1321, Ve3 is the VRe92 diode mixer stagee The outputs of V.1 and V.2 are 
applied to the mixer anode by C.12 ani C.9 The IF. voltege is developed 
across the band-pass I.F, coils, 1.6, le7e 


The I.F. Amplifier 


13220 Ve4 (VR-65) provides one stage of I.¥ emplification at 13.5 Mc/s 
before injecting the Lucero signals into the H2.S i.F stripe Le/ is the 
imput tuned circuit and L.8 the anode tuned circuit. Both are pexmmeability 
tuned. The overall bandwidth of the receiver unit type 159 and the He2eS. 
I.F. emplifier is 15 Mc/s for 6db. drop. However, in certain cases adequate 
selectivity may not be available to separate beacon channels 4 Mc/se apart. 

if this is so, filter unit 171 may be emloyed between TRe3160 and the 

H.2.S- IL.F. amplifiers This filter unit has the effect of steepening the 
sides of the response curve. ‘The output is taken to the brown Pye plug in the 


panel and thence to the H.2.S. I.F. anplifier. 


135230 The range marker is mixed in at the mixer stage in the receiver~timing 
unit whose output goes to the slate Pye and thence to the slate Pye on the 1P.G 
Condenser coupling takes the signal to the red Pye and thence back to the red 
Pye on Lucero for application to the switch unit which switches the video signals 
between the orange and yellow Pye plugs. Fran these, the video homing beacon 
signals are alternately spplied to the two height tube amplifier stages and the 
height tube Y-plates. BABS signals are, of course, applied to only one height 
tube emplifier grid 





MIG 202 


The Receiver Unit Type 161 (H.2S. Mark IITA 





l32he tee Circuit details are shown in fig. 202 
b) This receiver unit is designed to provide anI.F. output at 
45 Mc/s. for application to the Mark IIIA I.F. stripe 
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The Local Oscillator 


1325. The local oscillator stage, V.1, eaploys & VR 137 working in @ 
series fed Hartley circuit and biassed by grid current through Re2. The 
tuning coils, Ll, Lb2, L3, lL4 are switched mechanically to the selector 
drive unit. The suppression voltege is applied to Vel grid via Rl. 


The RF. Anplifier 


1326. This stage uses a CV.66 grounded grid triodee The signal input fran 
the common T.Re junction box is applied to V2 cathode via the tuned circuit 
le lt, C3- This circuit serves to reject direct I.F pickup. The coupling 
condenser, Ce2, taps into the imput coil, L153, which resonates flatly with 
strays and valve capacity at about 200 Mc/s. The grid is held at RF, earth 
by the condensers Cel, Co10, Ce6, Ce7e The anode tuned circuits are In6, In7s 
l.8 or 1o9, turret-mounted and switched mechanically. Tnese coils are tuned 
by Cel4 and the anodefearth stray capacity. HT. is fed to the valve through 
Lel2 which has a high impedance over the whole band covered. 


The Mixer 


1327- The mixer stage is a VrRel356 operating as an anode bem detectors 
Vel output is applied to the grid via CG. 13 and Ve2 output viac.12, RS is 
a grid leak which develops a suall negative bias fram rectified oscillator 
imput. The anode load is a band-pass filter tuned to 45 Mc/s. <A 4. 7Ke 
dmoping resistor, R14, is comected across the output winding, L18 A 
pentode mixer is used to provide the additional gain required because the 
15 Mc/se I.F, strip has a lower gain than its 13.5 Me/se counterpart in 

He 2e2Se Mark IICe 


The I.F, Amplifier 


1328 A further VRe156 stage is used for the IF, amplifier, V4. The 
ancde load is the permeability-tuned inductance, le 21, which resonates with 
C.23 and anode/earth capacity. HT. is fed to Ve4 anode through the high 
impedance choke, L219, shunted by Rel7e The output impedance at the white 
Pye plug is made accurately 100 ofms by choice of Re1l7, In21 and Ce 25. 

The output goes to the brown rye plug on the panel and thence to the He 2.5. 
I.F. stripe Para. 1323 outlines the remaining channelse 


The Aerial Systen, Type 184 


1329. This aerial systen comprises two half-wave vertical dipoles provided 
with directors. Assembly details are shown in fige 20%- 


1330. bach aerial-director assembly is attached to the aircraft by 4 
streamline section tube which contains a Pawsey stub casprising a quarter 
wave matching section and a quarter wave stub. The former comects the 
two halves of the dipole to the concentric feeders The short tail of 
uniradio & has its braid renoved where it enters the Pawsey stub and com 
timues through the brass tube therein to connect to the upper dipole. The 
brass tube itself is connected to the lower dipole. The Pawsey stub 
assenbly is secured mechanically to the dipoles by a guide tube and saddle 
clampe The saddle clamp is secured by a 2BA bolt to a Permali cape 

This cap is attached to the streamline section by 2BA studs which are fixed 
to brackets inside the section. The screw holes in the Permali cap and 
also the edges of the streamline section meeting it, are waterproofed by 
the application of Bostick compound. The director is attached to the 
streamline section by means of a welded steel tubee 
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1333. <A rectangular box is fitted inside the aircraft on both port and 
starboard sides. The inside dimensions are sufficient to accommodate the 
section or fairing carrying the Pawsey stub. The aerial is set up with 

the director pointing up and down and the steel tube connecting the director 
to the fairing parallel to the axis of the aircraft when in flight. The 
director must be in front of the radiating element. The distance from the 
dipole to the skin of the aircraft is adjusted to be exactly 25 cn The 
assembly is then secured in position by means of & bolts passing through the 
box and the transverse steel tubes in the fairing. The mouth of the box in 
the eircraft skin is then closed by means of a steel plate cut to the shape 
of the fairing. The whole aerial system is painted but care is necessary 
that no paint be left on the dipole insulators or on the Permali cep. 


Switch Unit Maintenance and Servicing 


1332e Details of the unit are shown in figs. 204 and 205. 


- 


Contacts 


1333-8 Remove switch cover and examine all contacts carefully. The 
rounded contects showld fit truly on one another. They should be clean and 
not contaminated with oil, graphite or flux If they require cleaning use 
a Contact Cleaner No.l (14/6). A solvent such as carbon tetrachloride or 


aviation spirit may be used with advantage. 


Cams and Push Rods 


1334e The cams should not be over-lubricated as oil is then likely to get 
on the contactse The lubricant to be employed is a mixture of anti-freezing © 
oil (specification DTD. 201) and graphite oildag. The push rods should be 
clear in the holes in the springs through which they pass. If there is any 
fouling the motor should be replaced. 


Springsets 


1335e The adjustment of the springsets should be undertaken with great 
care and, in general, only if replacements cannot readily be obtained. 


1336, The two moving springs in each set which are operated directly by 

the push rods should sit on the insulating buffer blocks when not making 
contact with the actuated springset. When making contact they should be 
lifted clear of the buffer block In general, this will ensure that adequate 
contact pressure is being maintained, If this condition is not found to be 
correct the springs concerned should be adjusted with the spring adjusterse 
Bending should be done by moving the adjuster smoothly along the spring blade 


with a stroking motion 


1337e The second requirenent is that angles over which contact is made 
should be correct for the springsets. The X and Y aerial contacts should 
Make" for a period corresponding to 80-85° of rotation of the camshaft. 

The P and Q output contacts should "make" for 100-110° of rotation. During 
the overlap period the aerial contacts must change overe To measure the 
angles of contact the switch must be renoved from the chassis. This invoives 
unscrewing the 4 panel bolts and disconnecting the feeder from the transmitter 
socket. Switch tester (10s3/113) is supplied for testing the contact anglese 


1338 $$ This item is a circular plate marked in degrees from C-360° with a 
enall transparent pointer and the necessary screws for fitting to the switch 
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fhe black markings in the centre of the plate are for a stroboscopic check 
of the switch speed. This is not normally required for the switch unit 
type 115 where speed is not critical. The engraved plate is fired to the 
end of the camshaft on the side rafote from the feeder outlet and held by 
the 8BA screw supplied. The pointer is screwed on to the switch frame ani 
spaced from it by the special collar also provided. The closing and opening 
of the contacts should be observed on an Avometer set to the resistance 
range 0-1000 ohms, or by means of a battery and a lamp contimity tester. 
The switch should be slowly rotated by hand, always in the sane direction, 
and the contact angles noted in a table. A table of results obtained ina 
typical test is given below :- 






Red Aerial From 80° To 1630 From 2600 To 3120 . 83, 82 
Green Aerial To 73° Prom 1709 = To 2539 Pram 350° 83, 83 
Pe2 output To 81° Fron 160° To 264° rom 338° 104, 103 
P.3 output From 68° To 176° rom 248° To 355° 108, 107 


The other springsets are not used in TR, 5160. The table shows the fulfilment 
of the two requirements of limits 80-85" for aerial contacts and 100-11 for 
output contacts, and the completion of the aerial changeover in the overlap 
period If a switch does not pass this test the contact angles should be 
adjusted by suitably bending the springs with spring adjusters. No attenpt 
should be made to unlock the cams on the crankshaft. If adjustment of 
springsets does not give the required results tne switch should be replaced, 


Governor 


1339. This requires no adjustment or oiling and should not be interfered 
withe 


Bearings 
1340. The two ball-races on the mainshaft and the bearings on the camshaft 
should be lubricated when necessary with anti~freezing oil (DTD. 201). 


Wormwheel 


1341. One or two drops of oildag may be placed on the wormmeel when 
required, Only the minimum quantity of lubricant must be used and care taken 
to ensure that it does not get on to the contacts. 


Motor 


1342e The motor can be removed for inspection or replacement by removing 
the four countersunk bolts securing it to the switch frame. In general it 
is not reconmemled -to adjust or service the motor. The following procedure 


is deseribed for emergency only. 


(a) The drive shaft should rotate freely and show no evidence 
of rough spots or stiffness. At the same time there 
should be no undue side or end play in the shaft. 

(ob) Before dismantling inspect the commutator and carbon 
brushes. The brushes are mounted at the end remote from 
the shaft in either paxolin or bakelite holders, They can 
be removed by undoing a screw. After removing the brushes 
inspect the commutator through theaperture with the aid of 
a bright light. If the commutator requires cleaning it may 
be possible to do it with a small piece of rag soaked in 
carbon tetrachloride introduced on the end of a match stick, 
Alternatively, very small pieces of fine glass paper may 
be used, Emery paper is not recommended. When replacing, 
take cere that the brush is so put in that the concavity 
fits back on the cammutator. When replaced, the brushes 
should move freely in their holders and not chafe the 
sides. The brush holder should not touch the camutaton 
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1343e  ##To Gismantle the motor for lubrication or checking of the internal 
wiring, undo the mits securing the end plate. The armature and end plate 
can then be withdrawn To separate the armature from the end plate push out 
the small pin through the driving shaft. This allows the shaft to be drawn 
through the bearing. In making the withdrawal collect the balis from the 
ballerace in a cloth or large paper. To lubricate the ball-rate use a very 
amall quantity of high melting point grease. Vaseline must not be used as 
it melts too easily. . | 


1344. | When reassenbling make sure that the brushes have been removed 
before fitting the armature into position. The end plate must be done up 
tightly and the pin through the shaft replaced, Pinally the brushes should 


be replaced 


13452 When putting the motor back into the switch assembly, make sure that 
the pin through the shaft engages correctly with the flexible insulating 
coupler which is keyed to accept ite It is important that the contacts on the 
motor make firm contact with the springs that supply the current. 


Bench Setting-Up Pro cedure 


13k66 (a) Switch on the equipment and set the 4. position Lucero switch 
on the He2.S switch unit to "B" so that HT. to the head 
emplifier is cut off and mo H,2.S. signals are visible on the 
height tube. 

(b) Set the gain control almost to maximum fhe range marker and 

tail of the Lucero transmitter pulse should appear on a 
Gouble-sided display. If the aerials are connected and there 
is a homing or besm approach beacon within range (a mile or 
50), locked and possibly unlocked beacon responses may appeare 
The noise amplitudes on the two sides should be equal. 


Counting Down Potentioneter, Re 5 


1347e Using Monitor 28 ;:- 


‘Trigger monitor from 20 microsecond pulse (Pye violet). 
Time base switch to "Prequency™. 

Monitor input switch to "Direct". 

Transmitter switch on control wit 222A in "ON" position 
e) Apply weveformat junction of R35 and &5 to the monitor 
28 and adjust R5 to give 3 lines on monitor screen. Set 
the control to the centre of the range which gives the 3 
lines and lock in this position (see fig. 199a). 


ao op 


1348 Using phones :- 


(a) Connect phones across the yellow/black I.F.F. suppression 
plug. 

(b) By turning the counting down control, R.5, the 3 ranges of 
setting, corresponding to counting down ratios of 2, 3 and 
4. to one, will be made obvious by changes in pitch of notes 

(sc) The small unstable ranges are detectable by an unsteady 
pitch Adjust the control to the centre of the range 
giving a steady note of the intermediate frequency, showing 
that the counting dom is 3:1 Ieck the potentiometer R.5 
in this position. 


Note : Pamiliarity with this note enables a simple check 
of the counting down stage to be made on the 
daily inspection, 
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Receiver Tuning 


13456 


(a) 


(b) 


(c) 


(a) 


With the Lucero unit on its side detach the trimming 

tool from the side strut of the chassis. Set the 

leposition Lucero switch on the He2eSe switch unit 

to the "B" position 

Press the "A" Rx button on the control unit 222k. 

Check that the Rx turrets rotate into position le 

The mober of the turrets should be visible through 

the cut-out in the base-plate. 

Connect the "Sig.eGen" output on the W1649 to one of 

the aerial sockets through the attenuator provided. 

Set the appropriate frequency on the black dial scale 

(labelled "Sig. Gen"): opposite the index. Set the 

ineremental dial to zero. Plug in the head-set jack 

at the waveneter jack-point. 

Check the dial calibration against the waveneter 

crystal as follows :- 

(i) Set the wavemeter switch in the "Xtal" 
position 
(i4) Rotate the main dial to bring the nearest 

multiple of 5 Mc/s under the indexe For 
exemple, if the wanted frequency were 17? 
Mc/s the dial would be set to 175 Mc/s on 
the black "Sige Gene" scales If the 
calibration is correct the beat note will 
be heard in the phones. The wavemeter dial 
will then be set to 177 Mc/s on the "Sige 
Gen." scale and the receiver tuned as out~ 
lined below. 

(iii) If the beat note is not heard, rotate the 
main dial wntil it is obtained ani note the 
readings Suppose it is 173.5 Mc/s. This 
means that 175¢5 on the dial means 175 Mc/s 
That is, the dial reads 0.5 Mc/s high 
Hence, if a signal of 177 Mc/s is wanted the 
dial must be set to 17765 Mc/s on the "Sige 
Gen." scale. Had the dial read 174.8 when 
the beat note was heard the dial would read 
0.2 Mc/s low To get a 177 Mc/s output the 
required setting would be 176.8 Mc/s on the 

 "'gigeGen" scale. 


(e) Set the wavemeter switch to "ON". lock the mein dial 


at the setting on the "SigeGen" scale that will give 
the required frequency, as determined in (d). The 
height tube should now show C.We interference. 

Set the gain control on the 25. switch unit well 
below the level which will cause saturation of the 
He 20Se Rxe With the trimming tool adjust the Lucero 
LO, tuning control No.l for maximum response. As 
tuning proceeds the He2-Se gain should be checked to 
ensure that saturation is not occurring. 


(f) Tune the RF turret condenser No.1 in the same 
Way. 
(g) Repeat the same routine for the B, C and D positions 
of the Rx push-buttons on the control unite 
Traneni tter—-Tuni ng 


1550. 


(>) 


(a) Only preliminary epproximate tuning can be done on the 


bench. Press the "A" Tx button on the control unit 
2224, Check that the Tx turret stops in position 1l. 
Set up the W1649 as a wavemeter, on the appropriate 
frequency as follows t- 
g Set the wavaneter switch to the "Xtal" position 
(41) Suppose the required frequency is 176 Mc/se 
Set the nearest multiple of 5 Mc/s, ise. 175 
Mo/s, on the red wavemeter dial scale under the 
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index. Set the incremental dial to zero. 
Rotate the main dial slightly until the 
beat note ie heard in the phones, Lock 
the main dial in this position, which means 
that the W1649 oscillator is working at 
160 Mc/s and the mixer IF coil is tuned to 
15 Mc/s. 

(414) Set the incremental dial to +1, This means 
that the mixer IF coil is now tuned to 16 
Mc/s. If an external pulsed signal at a 
frequency of 176 Mc/s is now applied to the 
mixer valve, the signal will beat with the 
160 Mc/s. W1649 oscillator signal to produce 
pulses at the IF of 16 Mc/s, to which the 
mixer anode load is tuned. The mixer output 
voltage is applied to the cathode follower 
detector grid. The 10 Microsecond CR in the 
cathode of the CF detector will follow the 
envelope of the pulses and apply video 
pulses of a frequency equal to the Lucero 
Pee f to the grid of the output valves 
The peref. note will then appear in the 
phones. If the external signal applied 
to the W1649 does not differ from the 
W1649 oscillator signal frequency by the 
IF, the mixer output will not be at its 
maximen value and the perefe note in the 
phones will not be at maximus intensity. 

(c) Set the wavemeter switch to "ON" and set up the W649 
aerial rod (or apply a signal to the input Pye plug). 
Tune the transmitter condenser Noel for maccimun signal 
in the phones. 

(a) Repeat the same routine for the “B", "C" and "D" Tx 
push=buttons or the control unit 222A. 


Instaliation in Aircraft 


1351, (a) Connect up the installation and check that all Pye plugs 
are firmly in their sockets and secured by their wire clips. 


(b) Connect up the PE, set and switch on #28. LT. 


Checking Transuitter Frequency 


1352. Set up the wavemeter 1649 in the aircraft. Tune the tranmnitter 
comiensers to the eppropriate frequencies. 


Checking the Di a 


1353. Check the appearance of the displays on the height tube when set 
for He2eS- only, He2eSe + beacons, beacons only, BABS only, eta, to ensure 
that the switch motor, aerials and changeover switch ere operating correctly. 


Checking DF 


13540 If there is a beacon in the vicinity responses should be visible 

on the timebase. These can be used to check the sense of the D. Pe aerials. 
If the beacon is to port, the left wing of the response should be larger than 
the right wing. If the sense is wrong, check thet the aerial feeders are 


correctly connected. 


Daily Inspection Recommended by TRE for normal Blind . 
Approach Use of iacero } 


135 be 3 Connect P,E, set and switch on the equipment. | 
b) Set Lucero switch to "OFF" and normal He2.S display 
should be obteined. 


C. De O896L 


(c) Set Lucero switch to B +H The local homing beacon 
signal should appear on the display. If the control 
unit 2224 is used the appropriate push<-buttons must 
be operated, 

(4) Set Iucero switch to Be Beacon display alone and 
local ground returns diminished, 

{e) Set Lucero switch to BA (if jumper socket used) or 
operate appropriate push-buttons for the local BA 
signals. Set changeover switch for BA signalse 
Check that all ground returns disappear and only 
BA signals appear. 


1356, Check operation of gain control, scan-marker switch and range 
control. 
. 4 


1357e Check that no undue or unusual amount of interference appears 
on the trace. If such interference appears check whether it is due to 
the switch motor or external pick-up. If it is still present when both 
aerial feeders are disconnected from the TR.3160, the switch motor is at 


faulte 


1358 § Check trananitter frequencies with the wavemeter and adjust if 
necessary. 


1359. Check aerials for contimity and insulation with an Avometer and 
500 volts megger. 


1360. Check all Pye sockets for tightness of gland nut end small grub 
screw in the centre. 


Note :~ If Iucero BA is to be used for accurate location of the 
beginning of runways and for blind landing in conjunction 
with other equipment such as a glide path indicator, a 
precision method of setting up the 2.8. markers, will 
be incorporated in the DI. and bench alignmente 
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